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BEHAVIOR INVOLVED IN THE CRITICAL ASPECTS 
OF SCIENTIFIC THINKING * 


Mary ALIcE BURMESTER 


Michigan State College, East Lansing, Michigan 


HE major purpose of the study, of which 
T this article is a part, was to devise a test 
to measure some of the inductive aspects of 
scientific thinking. The construction of the 
test items required the identification of the 
skills and steps involved in scientific think- 
ing, and the definition of the behaviors 
which would give evidence of the ability 
to perform these skills. The present article 
is concerned with this aspect of the study. 
The remainder of the study is to be pre- 
sented in a second article. 


THE FORMULATION OF THE 
EDUCATIONAL OBJECTIVES 


The overall objective to be measured by 
the test was the ability to think scientifi- 
cally. Scientific thinking involves a num- 
ber of elements. 
outlined by Keeslar' have been reworded 
and are presented here‘as the major objec- 
tives in the ability to think 
scientifically. 


The major elements as 


involved 


1. The ability to sense a problem. 

2. The ability to state a problem. 

3. The ability to delimit a problem. 

4. The ability to recognize facts which are re- 
lated to the problem. 

5. The ability to formulate hypotheses. 


* Paper presented at The National Association 
for Research in Science Teaching meeting, Chi- 
cago, Illinois, February 16, 1952. 

1Oreon Keeslar, “The Elements of Scientific 
Method.” Science Education, 29 :273-278, Decem- 
ber, 1945. 


259 


6.The ability to 
hypotheses. 

7. The ability to carry out experiments. 

8. The ability to interpret data. 

9. The ability to formulate generalizations based 
on data. 

.The ability to apply generalizations to new 
situations. 


plan experiments to test 


—_ 


Some of the above abilities are creative, 
others are critical, while others involve both 
critical and creative aspects of scientific 
thinking. For example, the sensing of a 
problem is probably a creative activity. So 
the actual hy- 
potheses, but the recognition of illogical 
hypotheses could be classified as a critical 
activity. 


also is formulation of 


The planning of experiments also 
has both creative and critical aspects. As 
surke? points out, there is overlapping 
between critical and creative thinking, and 
the decision as to where to draw the line 
must be based on pragmatic considerations. 
Thus, he included the drawing of valid 
inferences from data as critical thinking 
since it may be measured by objective tests. 
The behaviors described here will be pri- 
marily critical. 

According to Burke* critical thinking 
is an concrete 
meaning only when applied to some subject 
which 


abstraction and can have 


matter. Therefore, the behaviors 
2 Paul J. Burke, “Testing for Critical Thinking 
in Physics,” American Journal of Physics, 17: 
527-532, December, 1949. 
8 Toc. cit. 


oa 
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constitute the elements of critical thinking 
must be thought of in relation to some 
specific field; in this instance, the field was 
biology. 


THE DEFINITION OF THE BEHAVIORS 


Methods used to determine the behaviors. 
In order to determine the kinds of be- 
haviors attending the steps in the scientific 
method several approaches were used. 

The lists of steps in scientific thinking 
as presented by Keeslar * and as presented 
in the 46th yearbook,® both of which were 
reviewed, offered -a source for the defi- 
nition of many of the behaviors involved 
in scientific thinking. The major steps con- 
stituted the primary objectives while the 
minor steps, in many cases, implied specific 
behaviors which could be measured. 

A second source of behaviors was litera- 
ture on tests and test construction, com- 
mittee reports on behaviors involved in 
scientific thinking, and reports of research 
on behaviors of persons doing scientific 
research. 

Hawkes, Lindquist and Mann,® in a 
chapter on’ examinations in the natural 
sciences, discussed some of the behaviors 
which give evidence of the student’s ability 
to use reliable sources of information, to 
recognize unsolved problems, to draw rea- 
sonable generalization from data, and to 
plan experiments. 


A very useful source of behaviors in- 
volved in scientific thinking was “Science 
in General Education.”* A portion of one 
chapter of this book was devoted to a dis- 
cussion of the nature of reflective thinking. 
Another chapter was devoted almost en- 


4 Keeslar, op cit., pp. 273-278. 

5 Science Education in American Schools. 
Forty-Sixth Yearbook of the Society for the 
Study of Education, Part I. Chicago: University 
of Chicago Press, 1947. 

6 Herbert E. Hawkes, E. F. Lindquist and C. R. 
Mann, The Construction and Use of Achievement 
Examinations. Cambridge, Mass. Houghton 
Mifflin Company. 1936. pp. 231-247. 

7 Science in General Education. New York: 
Appleton-Century Company. 1938. pp. 393-412. 
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tirely to the evaluation of students growth 
in reflective thinking. Situations were 
described which showed the kinds of be- 
haviors expected of students who were 
proficient in the ability to think reflectively. 
The objectives analyzed were: (1) the 
ability to discover and define problems, (2) 
the ability to observe accurately, (3) the 
ability to select facts relevant to a problem, 
(4) the ability to collect and organize 
facts, (5) the ability to draw references 
from facts, (6) the ability to recognize 
proof, and (7) the ability to plan experi- 
ments to test hypotheses. 


In the report on the methods of evaluat- 
ing student progress in the Eight-Year 
Study, Smith and Tyler ® discussed in de- 
tail the behaviors involved in the students 
ability to interpret data and in some detail 
the behaviors involved in an understanding 
of the nature of proof. Most of the be- 
haviors listed under interpretation of data 
in the list of behaviors presented in this 
paper were either mentioned or implied in 
Smith and Tyler’s discussion of behaviors 
involved in their discussion oi the interpre- 
tation of data and their discussion on the 
nature of proof. 


Johnson,® in a discussion of her test of 
straight thinking, presented the kinds of 
behaviors which her test purported to 
measure. The major abilities discussed 
were: (1) the ability to analyze a problem, 
(2) the ability to interpret data, (3) the 
ability to evaluate arguments, (4) the abil- 
ity to test hypotheses through reasoning, 
and (5) the ability to recognize valid causal 
relationships. 


The Committee on Research in Second- 
ary School Science’ focused its attention 


8 Eugene R. Smith and Ralph W. Tyler and the 
Evaluation Staff, Appraising and Recording 
Student Progress. New York: Harper and 
Brothers. 1942. pp. 38-41, 126-130. 

®Alma Johnson, “An experimental study in 
analysis and measurement of reflective thinking.” 
Speech Monographs, 10 :83-96, (Annual) 1943. 

10 Committee on Research in Secondary School 
Science, “Problem-solving as an Objective of 
Science Teaching.” Science Education, 33:192- 
195, April, 1949. 
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on the development of problem solving as 
an area in which research was needed. The 
members of this committee considered 
problem-solving to be a general type of 
human behavior which included specific, 
inter-related behaviors. They analyzed 
these behaviors in the following areas: 


—" 


. Behaviors concerned with the identification 
of problems. 

. Behaviors related to the 
facts about the problem. 

3. Behaviors related to the formulation of hy- 
potheses. 

Behaviors related to the testing of hypotheses. 
Behaviors concerned with the results of test- 
ing hypotheses. 


nN 


establishment of 


wn 


The behaviors listed by this committee 
were incorporated into the list of behaviors 
presented in the present study. 

Burke," in discussing the development 
of test items to test the ability to think 
scientifically, stated that before any test of 
critical thinking could be constructed, or 
before any orderly attempt could be made 
to teach the scientific method, the concept 
must be made more precise than it has been 
previously. He believed that an operational 
definition was a set of about 30 behaviors 
which he presented. He asserted that the 
list was tentative. Most of the behaviors in 
his list have been incorporated in the out- 
line of behaviors presented in this paper. 

A study supervised by Flanagan ’* and 
sponsored by the American Institution of 
Research and the American 
Education, was made of the activity of 
research workers on the job, to identify 
and define the characteristics of effective 
scientific personnel, in terms of specific 


Council on 


observations and records of the work be- 
havior of these personnel. A comprehen- 
sive check list was prepared for the evalua- 
tion of research workers. Although this 
work was outstanding in its thoroughness 
and although over 100 behaviors relating 
to research ability were presented, most of 
them have not been incorporated into the 


11 Burke, op. cit., pp. 27-32. 

12 John C. Flanagan, Critical Requirements for 
Research Personnel. Pittsburgh: American In- 
stitute for Research. 1949. pp. 24-39. 
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outline presented here because many were 
creative activities and many others were 
manipulative activities. The critical activi- 
ties, however, were incorporated into the 
outline of behaviors which will be presented 
later. 

A third source used in the identification 
of behaviors involved in scientific thinking 
was the interviewing of some of the mem- 
bers of the department of Biological Science 
at Michigan State College. These persons 
were asked to describe the behaviors they 
had observed in students whom they be- 
lieved to show considerable ability to think 
scientifically, and the kinds of behaviors 
they had observed in students who seemed 
to them to be very inferior in their ability 
to think scientifically. The two major 
abilities mentioned in these interviews were 
the ability to devise and evaluate experi- 
ments, and the ability to interpret data. 
Specific behaviors were also described, and 
have been included in the following outline 
of behaviors.* 

An Outline of the Behaviors. 
an analysis in outline form, of the types of 
behaviors 


Below is 


involved in scientific thinking 
which it was believed could be measured 
It is not assumed that 


this is an all inclusive list. 


by objective tests. 
It is, however, 
a synthesis of the behaviors identified from 
the above mentioned sources. 


1.00 Ability to recognize probiems. 

1.10 Ability to recognize a problem or a per- 
plexity in the context of a paragraph or 
an article. 

1.20 Ability to distinguish between a fact 
(observation) and a perplexity or prob- 
lem. 

1.30 Ability to recognize a problem even when 
it is stated in expository form rather than 
in interrogatory form. 

1.40 Ability to distinguish a problem from 
a possible solution to a problem (hypoth- 
esis) even when the hypothesis is pre- 
sented in interrogatory form. 

1.50 Ability to avoid becoming diverted from 
the major problem into side issues. 

2.00 Ability to delimit a problem. 

2.10 Ability to distinguish between major and 
minor problems. 

2.20 Ability to isolate the single major prob- 
lem or single major idea in a problem. 

2.30 Ability to see the relationship of minor 
problems to the major problems. 
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2.40 Ability to distinguish between relevant 
and irrelevant problems. 

2.50 Ability to analyze the problem into its 
essential parts. 

2.60 Ability to concentrate on the main prob- 
lem. 

2.70 Ability to recognize the basic assumptions 
of a problem. 

3.00 Ability to recognize and accumulate facts re- 
lated to the solution of a problem. 

3.10 Ability to select the kind of information 
needed to solve the problem. 

3.20 Ability to recognize valid evidence. 

3.30 Ability to differentiate between reliable 
and unreliable sources of information. 
3.40 Ability to select data pertinent to the 

solution of the problem. 

3.50 Ability to recognize the difference be- 
tween data pertinent to the solution of 
the problem and that which is unrelated. 

4.00 Ability to recognize an hypothesis. 

4.10 Ability to distinguish an hypothesis from 
a problem, 

4.20 Ability to differentiate between a state- 
ment that describes an observation and a 
statement which is an hypothesis about 
the fact. 

4.30 Ability to distinguish between an 
hypothesis as a possible solution to a 
problem and a _ conclusion (probable 
solution to a problem). 

4.40 Ability to recognize the ‘tentativeness of 
an hypothesis. 

5.00 Ability to plan experiments to test hypothesis. 

5.10 Ability to select the most reasonable 
hypothesis to test. 

5.20 Ability to differentiate between an uncon- 
trolled observation and an experiment 
involving controls. 

5.30 Ability to recognize the fact that only 
one factor in an experiment should be 
variable. 

5.31 Ability to recognize what factors 
must be controlled, 
5.32 Ability to recognize the overall con- 


trol. 

5.33 Ability to recognize the partial con- 
trols. 

5.34 Ability to recognize the variable 
factor. 


5.35 Ability to understand why the over- 
all control was included in an 
experiment. 

5.36 Ability to recognize the factor being 
held constant in the overall control. 

5.37 Ability to recognize the factors be- 
ing held constant in the partial con- 
trols. 

5.40 Ability to recognize experimental and 
technical problems inherent in the ex- 
periment. 

5.50 Ability to criticize faulty experiments 
when: 

5.51 The experimental design was such 
that it could not yield an answer to 
the problem. 
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.52 The experiment was not designed to 
test the specitic hypothesis stated. 
53 The method of collecting the data 

was unreliable. 
.54 The data were not accurate. 
.55 The data were insufficient in number. 
5.56 Proper controls were not included. 
5.57 No controls were included. 


un wn 


wu 


6.00 Ability to carry out experiments. 

6.10 Ability to recognize existence of errors 
in measurement. 

6.20 Ability to recognize when the precision 
of measurement given is warranted by 
the nature of the problem. 

6.30 Ability to make accurate observations. 
6.31 Ability to observe differences in situ- 

ations which are similar. 

6.32 Ability to observe similarities in situ- 
ations which are different. 

6.40 Ability to organize facts into tables, 
graphs, etc., for easy interpretation. 

7.00 Ability to interpret data. 

7.10 Ability to handle certain basic skills 
necessary to the interpretation of data. 
7.11 Ability to read tables and graphs. 
7.12 Ability to perform simple computa- 

tions. 

7.20 Ability to evaluate relevancy of data. 
7.21 Ability to recognize hypothesis and 

conclusions contradicted by the data. 

7.22 Ability to recognize hypotheses and 
conclusions which are unrelated to 
the data. 

7.23 Ability to select the hypothesis from 
a group of hypotheses which most 
adequately explains the data. 

7.24 Ability to recognize facts which sup- 
port an hypothesis or a conclusion. 

7.25 Ability to recognize facts which con- 
tradict an hypothesis or a conclusion. 

7.30 Ability to differentiate between facts 
and inferences. 

7.31 Ability to differentiate between an 
observation and a conclusion drawn 
from the observation. 

7.32 Ability to differentiate a conclusion 
from an hypothesis. 

7.33 Ability to distinguish an assumption 
upon which a conclusion depends and 
the conclusion itself. 

7.34 Ability to distinguish a fact from an 
assumption. 

7.40 Ability to recognize the limitations of 
data. 

7.41 Ability to differentiate between what 
is established by the data alone and 
what is implied by the data. 

7.42 Ability to recognize that a statement 
which goes beyond the data cannot 
be absolutely true. 

7.43 Ability to recognize that generaliza- 
tions from results of an experiment 
can only be extended to new situa- 
tions when there is considerable 
similarity between the situations. 











—e - - rh = 
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7.44 Ability to confine definite conclusions 
to the evidence at hand. 

7.50 Ability to consider as possibly true or 
probably true inferences based on the 
data. 

7.51 Ability to make inference on the 
basis of trends. 

2 Ability to extrapolate. 

3 Ability to interpolate. 

4 Ability not to be so overcautious 
that all statements which go beyond 
the data are rejected because of in- 
sufficient evidence. 


7.5 
7.5 
7.5 


7.60 Ability to perceive relationships in data. 

7.61 Ability to make comparisons. 

7.62 Ability to see element in common 
to several items of data. 

7.63 Ability to recognize prevaling tend- 
encies and trends in data. 

7.64 Ability to recognize that when two 
things vary together that there may 
be a_ relationship between them, 
but does not assign cause and effect 
judgments on the basis of this rela- 
tionship. 

7.65 Ability to formulate reasonable gen- 
eralizations based upon the data. 

7.70 Ability to recognize the nature of evi- 
dence. 

7.71 Ability to recognize the difference 
between direct and indirect evidence. 

7.72 Ability to recognize a_ statement 
which is given as evidence as not 
being evidence when the statement 
contradicts the conclusion. 
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7.73 Ability to recognize a_ statement 
which is given as evidence as not 
being evidence when the statement 
is unrelated to the conclusion. 


“I 


.74 Ability to recognize evidence for an 
inference and to such evi- 
dence from a series of statements. 

.75 Ability to recognize the validity of 
the evidence used to 
clusions. 


che y08e 


“I 


support con- 


i) 


7.80 Ability to recognize the assumptions in- 
volved in the formulation of hypotheses 
and conclusions. 

7.81 Ability to assumptions 
which go beyond the data but which 
are essential to the 
an hypothesis. 

7.82 Ability to 
which 


recognize 
formulation of 
recognize assumptions 
must be maintained in the 
drawing of a conclusion. 
7.83 Ability to assumptions 
which can be checked experimentally. 
7.84 Ability to recognize invalid assump- 
tions. 
8.00 Ability to apply generalizations to new situa- 
tions. 
8.10 Ability to refrain 
eralizations to 


recognize 


from applying gen- 
situations does not 

closely parallel the experimental situation. 
8.20 Ability to be aware of the tentativeness 


new 


of predictions about new situations even 
when there is a close parallel between 
the two situations. 

8.30 Ability to recognize the assumptions 
which must be made in applying a gen- 
eralization to a new situation. 


STUDIES IN MENTAL RIGIDITY AND THE SCIENTIFIC 
METHOD * 


II MENTAL RiGipitry AND COMPREHENSIVENESS 


Marvin D. SoLomon 


Michigan State College, East Lansing, Michigan 


N a recent paper [1] there was a discus- 
I sion of the relation of the concept of 
rigidity to the scientific method. In this 
paper rigidity was defined in its functional 
sense, that is, by the ways in which men- 
tal rigidity is manifested overtly. 
tionally, it can be referred to as sluggishness 


Func- 


in variation of response, fixation of re- 
sponse, lack of variability, inability to 


* Contribution No. 49 from the Department of 
Biological Science, Michigan State College. 
Paper presented at The National Association for 
Research in Science Teaching meeting, Chicago, 
Illinois, February 15, 1952. 


change one’s mental set when the objective 
conditions demand it, and inability to re- 
arrange a mental field in which there are 
alternative solutions to a problem in order 
to solve that problem more efficiently [2]. 
the field of 
rigidity as a personality factor have hy- 


A number of workers in 
pothesized that there is a general rigidity 
factor which will pervade many of the ac- 
tions of the individual, both overtly and 
The work of Frenkel-Brunswik 
and Sanford [3], and Levinson and San- 


ford [4] 


ce wertly. 


indicate the possibility that ri- 
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gidity of personality structure is an all per- 
vasive phase of personality. These authors 
indicate that the differences between preju- 
diced and non-prejudiced individuals sug- 
gest that there would exist similar differ- 
ences in the manner in which they would 
solve other types of problems that they 
would be confronted with. 

The basic assumption of the work of 
Rokeach [2] was that one of the charac- 
teristics of ethnocentric (prejudiced) think- 
ing is a rigidity and inflexibility of the 
thinking process. He stated that this was 
not an isolated phenomenon within the 
personality, but is an aspect of a generally 
persistent :-ersonality characteristic which 
will also he manifested in the solution of 
all kinds of problems, even though these 
problems be relatively lacking in social 
content. It was primarily on the basis of 
the confirmation of the hypothesis of 
Rokeach, that the rigid thinking charac- 
teristic of the ethnocentric individual is also 
characteristic of his approach to non-social 
problems, that led to the present work. 

In a previous paper [1] there was a dis- 
cussion of the relation of the concept of 
rigidity to the scientific method. It was 
implied that the scientific method is a 
method of pursuing truth as determined by 
logical considerations and differs from such 
other methods as that of tenacity, authority, 
and appeal to self-evident propositions in 
that it is a technique which enables the dis- 
covering and testing of possible alternatives 
to propositions. The scientific method is 
flexible. There was indicated the possibility 
that individuals who are rigid in their pat- 
terns of thinking will not be able to utilize 
the scientific method in that both are in- 
compatible, as the scientific method is a 
process of flexibility whereas rigid thinking 
is a manifestation of inflexibility. The hy- 
pothesis tested was: those individuals who 
manifest a rigidity of the thinking process 
will react differently to the various factors 
concerned with the scientific method than 
those who are relatively less rigid in their 
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thinking pattern. The experimental data 
confirmed the hypothesis. 

Further research in this area took on a 
new aspect. Not only is the scientific 
method valuable in its flexibility, but it is 
also a technique which allows for the dis- 
covering of possible alternatives to proposi- 
tions. Upon the discovery of alternatives 
some choice may have to be made amongst 
them. Here value judgments are utilized. 
Comprehensiveness is held as one of the 
more important of the scientific values along 
with such other requirements of constructs 
as fertility, multiple connections, causality, 
simplicity, generality of application, and 
economy of thought. Together these give 
the scientist a framework for evaluation 
and choice among alternative hypotheses or 
propositions. 

When faced with having to make choice 
among two or more alternative propositions, 
that one which is more comprehensive is 
the better. Einstein [5] makes the following 


statement concerning comprehensiveness : 


The aim of science is, on the one hand, a com- 
prehension, as complete as possible, of the con- 
nection between the sense experiences in their 
totality, and, on the other hand, the accomplish- 
ment of this aim by the use of a minimum of 
primary concepis and relations. 


Northrop [6] states essentially the same 
idea when he writes: 


Clearly, that philosophy of culture is the 
more scientifically correct and adequate one which 
can take care of the widest range of facts con- 
cerning nature and the natural man. Just as 
Einstein’s theory of mechanics is generally re- 
garded as a more scientific and correct theory 
than Newton’s because it takes care of all the 
facts for which Newton’s theory cannot account. 


In this study the interest is not in making 
choice based upon the relative comprehen- 
siveness of alternative propositions, but 
upon the particular psychological implica- 
tions concerning persons who are able to 
make the choice as to the more compre- 
hensive of the two or more alternatives 
being dealt with. This study proposes to 
deal with the comprehensiveness of indi- 


viduals. Rokeach [7], who has proposed 
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the idea of this transposition from com- 
prehensive propositions to comprehensive 
individuals, states : 


When one says, therefore, that one theory is 
more comprehensive than another there is the 
added psychological implication that persons em- 
bracing the more comprehensive theory will be 
more comprehending of phenomena falling within 
the subject matter of this theory than other 
persons embracing the alternative but less com- 
prehensive theory. 

Rigidity of the thinking process, as here- 
tofore discussed, indicates an inflexibility, 
a stereotypy of thought patterns. On the 
other hand, the comprehensiveness of an 
individual indicates the ability to compre- 
hend many things, to have a wide scope 
of thought, to have the ability to see broad 
and general relationships. Here again, as 
in rigidity and scientific method, the two, 
rigidity and comprehensiveness, are incom- 
patible. It would seem that relatively non- 
rigid individuals would be more compre- 
hensive in their patterns of thought. This 
is one of the propositions with which this 
study deals. 

There is in the literature a number of 
papers that sustain the idea of compre- 
hensive cognitive structures, and the con- 
verse of the narrow-minded cognitive struc- 
ture. Rokeach [8] in a paper dealing with 
a method for studying individual differences 
in narrow-mindedness used a_ technique 
that was adapted in the present paper. 
Subjects were asked to describe in what 
way a group of concepts (previously de- 
termined to be related) were interrelated. 
He concluded that the descriptions could 
be ordered along a continuum ranging from 
a comprehensive to an isolated to a narrow 
organization. Rokeach defined a compre- 
hensive organization as, “. . . one in which 
all ten concepts are organized into a single 
whole. The isolated organization is 
one in which the concepts are sub-structured 
into two or more divisions, but all concepts 
are included in the organization. The nar- 
row organization is one in which one or 
more of the concepts are omitted from the 
subject’s organization. 
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A second paper, stemming from the first 
one above, by Rokeach [9], dealt with nar- 
row-mindedness and personality structure. 
An examination and analysis of the first 
paper results showed the existence of great 
differences in the organizational pattern of 
the concepts utilized. It was apparent that 
here was a means of examining the cogni- 
tive structure of the narrow-minded subjects 
as revealed by their cognitive organization 
of the above concepts. It was seen that it 
was possible to study the organization of 
the parts entering into the whole—that is, 
the organization of the definitions of the 
The 


research was concerned with two major 


concepts which made up the study. 
problems: (1) are the differences exhibited 
by the subjects in the organization of total 
structures a function of or related to indi- 
viduals in the organization of sub-struc- 
tures ; and (2) are the individual differences 
exhibited in the organization of both parts 
and wholes a function of or related to other 
personality factors? 

from his results that: 


Rokeach concluded 


Subjects scoring high, middle and low in ethno- 
centrism organize significant segments of their 
soeial world in a successfully more comprehensive 
manner. Furthermore, . . 
low extreme 


. those scoring at the 
organize the parts entering 
into the whole in a relatively more abstract man- 
ner than those scoring middle or high in ethno- 
centrism. Finally, while individual differences in 
the organization of the total structure do not seem 
to be related to individual 
organization of the more peripheral political- 
economic sub-structure, they are found to be 
significantly related to individual differences in 
the organization of the 
sub-structures. 

While scoring at opposite ex- 
tremes in ethnocentrism may perhaps be equally 
resistant to change, 


also 


differences in the 


more central religious 


pers¢ ms 


this resistance may be con- 
ceived as a function of differences in underlying 
cognitive structures. Low scorers more frequently 
organize their social world comprehensively and 
abstractly and this is why their social attitudes 
are resistant to change. They also organize non- 
social aspects of their world more 
hensively and abstractly. . . 


compre- 


Rokeach found that the converse of the 
above is also true: that the group of indi- 
viduals high in ethnocentrism are resistant 


to change due to the fact that they organize 








266 ScIENCE EDUCATION 


their social world more narrowly and con- 
cretely than those lew in ethnocentrism. 

These two papers by Rokeach [8, 9] indi- 
cate that it is possible to study the cognitive 
structure of individuals with a relative 
degree of ease by the use of the techniques 
here suggested. 

Specifically the hypothesis tested is: 
Groups of individuals relatively less rigid in 
their thinking processes will exhibit a pat- 
tern of thinking that is more comprehensive 
than a group whose thought processes are 
more rigid and, consequently, whose pat- 
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phenomena. To some extent all of these 
are related to each other.” 

“Here is what I would like you to do 
next. Write a paragraph in the blank 
space provided at the bottom of your sheet 
in which you describe in what way all 
of these terms might be interrelated with 
each other. Do not worry how well or- 
ganized your paragraph is because it isn't 
important for purposes of this experiment. 
Just tell me in what way these terms are 
very much related to each other. If you 


do not think all of these terms are very 


FIGURE I 


Work SHEET UTILIZED To DETERMINE COMPREHENSIVE, ISOLATED AND NARROW COGNITIVE STRUCTURE 





1. Adaptation 





2. Cell membrane 





3. Cellular respiration 





4. Cytoplasm 





Name 


Lab. Instructor 














5. Growth 





6. Metabolism 


7. Movement 





8. Nucleus 





9. Reproduction 














Interrelations 


terns of thinking more isolated and nar- 
rower. 

Design of this portion of the study was 
derived from a technique employed by 
Rokeach in testing for comprehensiveness 
on the: level of religious, political and 
economic phenomena. A list of biological 
phenomena was prepared which contained 
the following nine terms: adaptation, ceil 
membrane, cellular respiration, cytoplasm, 
growth, metabolism, movement, nucleus 
and reproduction. The subjects were 
asked to define each term, and: 

“As you can probably see, the terms which 
you defined refer to important biclogical 


much related to each other then just write 
about those terms which you think are re- 
lated to each other and skip the rest”. 

These instructions, and only these in- 
structions, were repeated if requested by the 
subjects. 

Basic Assumptions. One of the primary 
assumptions upon which this portion of 
the study rests is that the subjects under- 
stand the terms used in the study. All of 
the terms used are an essential part of the 
work of the first course in Biological Sci- 
ence at Michigan State College which all 
of the subjects have taken. All the sub- 
jects have passed a rigorous final examina- 
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tion, which to some extent contained the 
phenomena utilized in the experiment. 
Care and pretesting were used in the selec- 
tion of these phenomena. Pretesting indi- 
cated general familiarity with these terms. 
Finally, an examination of the worksheet 
used in the experiment shows that the sub- 
jects defined the terms that were eventually 
incorporated into the study. Work sheets 
showing lack of familiarity with the phe- 
nomena were eliminated. Though it should 
be emphatically stated that the work here is 


‘not concerned with the subjects’ factual 


information, but most definitely with his 
organizational approach. The results tabu- 
lated from an inspection of worksheet 
were in terms of the mental organization 
suggested thereon. 

It is also assumed that it is possible to 
incorporate all of the phenomena under one 
inclusive and comprehensive organization. 
This factor was also pretested upon biolo- 
gists in the Department of Biological Sci- 
ence at Michigan State College and students 
in course in Biological Science. In both 
cases it was found that this was possible of 
attainment. Study of the results of the 
experiment, of course, also bear this out. 
Therefore, without even going into ex- 
perimental results, it was known in advance 
that the phenomena are capable of being 
broug'it together and organized into a com- 
prehensive whole. 

Results. An intensive study of the state- 
ments made by the subjects relative to 
the interrelationships which might exist 
among the terms presented showed that 
these statements could be ordered along 
a continuum ranging from comprehensive 
organization at one extreme though isolated 
organizations at the middle to narrow or- 
ganizations at the opposite extreme. 

A comprehensive organization is one in 
which all the biological phenomena under 
consideration are organized within a single 
unified structure. The thought processes 
here have undergone a synthesis, rather 
than an analysis, in which objects of thought 
have been made into a complex whole. The 
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thought processes are broad and integrated 
and with all the phenomena in the descrip- 
tion. The following are examples of this 
type of synthesis: “They are all necessary 
to maintain the life of the cell’, “They are 
all common to all living things’, ‘“They are 
all means of distinguishing living matter 
as they are all characteristic of living cells” 
“These terms are related in that all to- 
gether they make the whole’, “All are 
necessary to carry on the processes of life”, 
“All are necessary to maintain life in the 
cell and to maintain the species”. 

An isolated organization is one in which 
all the nine biological phenomena are taken 
into consideration by the subjects but are 
not organized in a total, inclusive and com- 
prehensive manner. They are organized 
into two or more substructures which do 
not appear to be related to each other. 

A narrow otganization is least compre- 
hensive of all. The subject omits one or 
more of the objectively present phenomena 
from his organization. Examples of this 
pattern of thinking, as presented by the 
subjects, are: “Some of these are necessary 
functions of living matter.” “Cell mem- 
brane, nucleus, and cytoplasm are cell struc- 
tures.” “Metabolism and growth lead to 
reproduction.” “The nucleus governs the 
metabolism, growth and reproduction of 
the cell.” 

Each subject was rated, on the basis 
of the above definitions, and placed into one 
of the three categories : comprehensive, iso- 
lated, or narrow. To make the categoriza- 
tion more accurate two other persons served 
independently as judges. Classifying into 
these three groups was found to be relatively 
simple and agreement of all three judges 
was necessary. If the judges disagreed the 
case was discussed and if no agreement was 
then obtained that particular organization 
was omitted. There were only six papers 
discarded on this basis. There was no re- 
liability - coefficient obtained of the inde- 
pendent judgments of the judges. It was 
also necessary that the subject show evi- 
derice in his definitions of understanding the 
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phenomena listed for his perus2!. Actually, 
the concern is not whether the statements 
made by the subject in his paragraph are 
correct—what is important in this study is 
the type of organization that is attempted 
by the subject. And it is the organization 
that is being rated here. 

A statistical analysis of the resulting 
data of 130 subjects showed the following 
results (Table 1). On the basis of rigidity, 


TABLE 1 
COMPARISON oF Ricin AND Non-Ricip Groups oN 
COMPREHENSIVE, ISOLATED AND NARROW 
COGNITIVE ORGANIZATIONS 


N Rigid 65 N Non-Rigid 65 


Compre- 

hensive Isolated Narrow 
Non Rigid 38 15 12 
Rigid 22 19 24 
X?2 7.922 a3 5.30 
Significance Level 1% - 2% 


as arrived at by the arithmetic technique [1], 
the non-rigid group had 38 comprehensive 
organizations whereas the rigid group had 
22 comprehensive organizations. The chi- 
square test of the significance of this dif- 
ference was found to be 7.922 which is 
significant above the 1% level. The non- 
rigid group was found to have 15 isolated 
organizations, while the rigid group had 
19. By use of the chi-square test there 
was found to be no significant difference 
between the two groups. The non-rigid 
group was found to have 12 narrow or- 
ganizations while the rigid group had 24. 
The chi-square test of this was found to 
be 5.530, with a significance level of 2%. 


The chi-square test of the total was found 
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to be 8.737 with two degrees of freedom and 
to be significant above the 2% level. 

From the statistical analysis of the re- 
sults obtained it could be inferred that the 
hypothesis: That individuals relatively less 
rigid in their thinking processe- do exhibit 
a pattern of thinking that is more compre- 
hensive than a group whose thought proc- 
esses are more rigid and, consequently, 
whose pattern of thinking more isolated 
and narrow, was confirmed. 

It became evident with the completion of 
this portion of the study that it would be 
interesting to investigate the possibility, 
which is certainly in line with the entire 
study, of a relationship between compre- 
hensive organization and the ability to per- 
form on scientific method test items as pre- 
sented in the previous study. Therefore, 
the following hypothesis was formulated 
and tested: a group of individuals who are 
more comprehensive in their thought proc- 
esses will do better in the solving of scien- 
tific method items than a group of indi- 
viduals who show a thought process that 
is isolated and/or narrow. 

The means of testing this hypothesis was 
the standard error of the difference of the 
means of the results of the scientific method 
test. Table 2 presents the statistical results 
of the testing of the hypothesis as to the 
significance of the difference of, the means 
of the scores on the scientific method items 
between subjects with a comprehensive 
structure and isolated structures, between 
comprehensive and narrow structures, and 
between isolated and narrow structures. 
The results as shown in Table 2 indicate 


TABLE 2 


CoMPARISON OF SUBJECTS CATEGORIZED AS COMPREHENSIVE, ISOLATED AND NARROW AND ABILITY 
Tro Work ScrenTIFIC METHOD ITEMS 


Mean S.D. 
Comprehensive 19.77 2.35 
Isolated 18.88 4.1 
Isolated 18.88 4.1 
Narrow 17.04 5.26 
Comprehensive 19.77 - 35 
Narrow 17.04 5.26 


S.D.D. CR Sig. Level 
.796 1.118 30% 

1.092 1.68 10% 
.896 3.141 1% 
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that there is little or no significant difference 
between the means of the comprehensive 
and isolated groups. Their ability to work 
scientific method items is, evidently, almost 
equivalent. The difference between the iso- 
lated and narrow is at the 10% level and 
while it is not significant within the limits 
set for this problem, it does suggest a 
The most in- 
teresting and clear-cut result is that ob- 
tained when the difference of the means 
of the comprehensive and narrow groups 
Here it found that the differ- 
ence is highly significant, at above the 1% 
level. The comprehensive group of sub- 
jects is evidently better able to work sci- 
entific method items. It should be pointed 
out that, while there is no significant dif- 
ference between comprehensive and isolated 
groups or between the isolated and narrow 
groups, there is the trend in all of the re- 
sults that suggests a continuum. The com- 
prehensive group has the highest scores, 
the isolated group the next highest scores, 
and the narrow group the lowest scores. 
The trend of the scores is in the hypothe- 
sized direction. Therefore, on the basis of 
the statistical analysis of these data, the hy- 
pothesis is confirmed. 

The question arises as to the reason for 
the difference in ability between the rigid 
and non-rigid groups to solve the scientific 
method test items. The rationale for this 
is in terms of the comprehensive and non- 
comprehensive cognitive structures. That 
there is a relationship between non-rigidity 
and comprehensiveness of cognitive struc- 
ture and between rigidity and narrowness 
of cognitive structure has been indicated 
above. The rigid individuals seem to show 
an inability to go beyond the mere factual 
information at hand and react on the basis 
of each individual fact separately. The 
rigid group does not indicate the ability 
to see a relationship of one piece of factual 


trend towards significance. 
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information to others. The individuals of 
the rigid group may even simply refuse to 
consider some of the facts that are at their 


command. That the rigid individual does 


act in this manner is indicated in the 
analysis of the organizational approach used 
by the subjects in the test determining the 
degree of comprehensiveness. 

The non-rigid individual, on the other 
hand, has the ability to see and to state 
the relationships existing and necessary 
for the correct solution of the problem. 
The data gathered from the comprehensive- 
ness test indicates that the comprehensive 
group can take the individual facts under 
consideration and organize them into a 
single unified structure. The thought proc- 
esses are broad and integrated and take all 
the pertinent facts into consideration in ar- 
riving at a solution to the problem. 
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AN EXPERIMENTAL STUDY IN THE TEACHING OF 
SCIENTIFIC THINKING IN BIOLOGICAL SCIENCE 
AT THE COLLEGE LEVEL * 


Joun M. Mason 


Michigan State College, East Lansing, Michigan 


INTRODUCTION 


N the past thirty years, leaders in the 

field of science education have contin- 
ually called attention to the need and im- 
portance of emphasizing scientific methods 
and attitudes in teaching procedures. A 
review of tie literature with respect to the 
objectives for science instruction substan- 
tiates this fact. Practically every major 
report since 1920 has either directly or 
indirectly indicated the value of science in- 
struction for developing the attitudes and 
methods of science. 

However, a review of the literature indi- 
cates that very little has been done or is 
now being done to give students training 
in developing the metheds and attitudes of 
science. | .ikewise the literature reveals that 
science teachers and educational leaders 
disagree as to the ways that these objectives 
can be developed in pupils. These condi- 
tions indicate the need for studies con- 
cerned with the effectiveness of methods 
for the teaching of science. 

Statement of the problem. The - main 
purpose of this investigation was to com- 
pare the relative effectiveness of two dif- 
ferent methods of teaching biological sci- 
ence at the college level. The two methods 
compared were arbitrarily designated the 
scientific thinking method and the descrip- 
tive method. These two methods were 
compared with respect to their effectiveness 
in teaching factual information, overall ob- 
jectives in the course, ability to think scien- 
tifically, and scientific attitudes in lecture, 


* Paper presented at The National Association 
for Research in Science Teaching meeting, Chi- 
cago, Illinois, February 15, 1952. Based on 
dissertation submitted in partial fulfillment of the 
requirements for the Degree of Doctor of Philoso- 
phy in the Department of Education, Michigan 
State College, 1951. Contribution No. 44 of the 
Department of Biplogical Science, The Basic 
College, Michigan State College. 


in laboratory, and in lecture and laboratory. 
The scientific thinking method was an at- 
tempt to directly teach for the development 
of the methods and attitudes of science. 
The descriptive method stressed only the 
factual information of the course. 

In addition to this main purpose, the 
study was also concerned with the changes 
resulting from the instructional methods 
with respect to the acquisition of factual in- 
formation and scientific attitudes after one, 
two, and three term’s instruction. 

Basic assumptions. The basic assump- 
tions for this investigation were as follows. 

1. The methods and attitudes of science 
are ways of thinking and acting and as such 
can be taught. 

2. The abilities inherent in the methods 
of science and scientific attitudes, although 
closely associated with each other, are 
separate and distinct entities. 

3. The abilities inherent in the methods 
and attitudes of science are measurable by 
means of pencil-and-paper evaluating in- 
struments. 

4. The terms “scientific method,” “scien- 
tific methods,” “‘methods of science,” and 
‘problem-solving’ may be used _inter- 
changeably. That is, it is assumed that 
basically they all mean the same thing. 
Likewise, it was assumed that “the scien- 
tific attitude” and “scientific attitudes” are 
terms which may be used synonymously. 

5. An interrogative statement may con- 
stitute a problem or problem situation and 
thereby be an initial step in the learning 
process. 

6. The effects attributable to a particular 
method of instruction in teaching students 
in lecture are the same irrespective of the 
method of instruction used in teaching the 
students in laboratory or vice versa. 

7. The design of the investigation and 
the statistical treatment of the data collected 


270 


te 











rh 


~~ 


co 
ac 
be 
in 


El, 
Lo 


ir 


e 
le 


d 











a 





DEcEMBER, 1952] 


were of such a nature that the difference 
between the mean achievements of students 
in compared samples on the measuring in- 
struments used may be assumed to be due 
to differences in the instructional proce- 
dures employed in this study. 

Definition of terms. Scientific thinking 
in this study was used in two ways. It was 
used to denote one of the methods followed 
in teaching students in lecture, in labora- 
tory, and in lecture and laboratory. In this 
sense, it refers to the procedures that are 
commonly accepted as the steps in the 
scientific method (problem-solving) and to 
scientific attitudes that are associated with 
this method. The term was also used in 
this study to denote the abilities measured 
with respect to student ability to think 
scientifically. These abilities were: (1) 
ability to recognize cause-effect relation- 
ships; (2) ability to interpret data and 
draw conclusions therefrom; (3) ability to 
recognize and test hypotheses; (4) ability 
to recognize and solve problems; and (5) 
ability to critically evaluate experimental 
procedures and real situations havir — sci- 
entific implications. 

Scientific method or problem-se’ ng as 
used in this investigation refers to the fol- 
lowing procedures: (1) recognition of 
problem or problems; (2) collection of 
data; (3) formulation of hypotheses; (4) 
testing of hypotheses by whatever means 
possible; and (5) drawing conclusions. It 
is to be noted that these steps were used 
as the bases for the lectures constructed to 
implement the scientific thinking method in 
lecture situations as used in this investiga- 
tion. It is also to be noted that these 
steps were not considered as a pattern of 
thinking and acting that was to be followed 
necessarily in an unchanging order. 

Scientific attitudes in this study were 
considered “as acquired and conditioned 
action patterns. that motivate human social 
behavior and are based on habits of think- 
ing or responding which can be modified.” ? 

1 Victor H. Noll, The Teaching of Science in 
Elementary and Secondary Schools. New York: 
Longmans, Green and Company. 1939. p. 24. 
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Noll, using this concept of attitudes, was 
the first to formulate scientific attitudes in 
terms of habits of thinking and acting. His 
list follows : 


1. Habit of accuracy in all operations, including 

calculations, observation, and report. 

Habit of intellectual honesty. 

Habit of open-mindedness. 

Habit of suspended judgment. 

.Habit of looking for true cause and effect 
relationships. 

. Habit of criticism, including self-criticism. 


un + Ww tv 


an 


These were the attitudes taught for and 
measured in this investigation. It is to be 
noted that these attitudes were measured 


as a group and no measurement was at- 
tempted for any specific attitude. 


DESIGN OF THE INVESTIGATION 


This study was an integral part of the 
program of the Department of Biological 
Science at Michigan State College for the 
1949-1950. The Biological 


Science course is organized in a three term 


school year, 


sequence covering a full academic year. 
There are two one-hour lecture periods each 
week and one two-hour laboratory period 
per week. Specified laboratory sections are 
correlated with a given lecture section in 
that students enrolled in any one of these 
designated laboratory sections attend the 
same lecture. The significant features of 
the teaching design of this investigation 
were: 

1. The investigation was designed so that 
identifiable groups of students were taught 
by a particular method of instruction for 
the academic year, 1949-1950. 

2. The teaching design for the study was 
based upon the lecture-laboratory arrange- 
ment of classes whereby the students in 
specified laboratory sections attended the 
same lecture. Such a discrete lecture- 
laboratory combination of classes was 
termed a teaching assignment. 

3. The investigator taught two such lec- 
ture-laboratory combinations for the entire 
year, 1949-1950. These two lecture-labora- 

2 Victor H. Noll, “Measuring the. scientific 
attitude.” The Journal of Abnormal and Social 
Psychology, 30:148, July-September, 1935. 
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tory combinations were designated Teach- 
ing Assignment “A” and Teaching Assign- 
ment “B”, 

4. The students in Teaching Assignment 
“A” were taught in lecture by the scientific 
thinking method while the students in 
Teaching Assignment “3B” were taught in 
lecture ‘4, the descriptive method of 
instruction. 

5. The number of laboratory sections 
and the overall teaching design for labora- 
tory instruction in Teaching Assignment 
“A” and Teaching Assignment “B” were 
the same. The students in each teaching 
assignment composed four laboratory sec- 
tions. The students in two of the laboratory 
sections in each teaching assignment were 
taught in laboratory by the scientific think- 
ing method and the students in the other 
two laboratory sections in each teaching 
assignment were taught in laboratory by 
the descriptive method. 

6. The students in this investigation who 
enrolled during the fall term, 1949, in either 
of these two teaching assignments remained 
in the respective lecture-laboratory com- 
bination in which they had originally en- 
rolled for the entire school year. ‘That is, 
students did not change from Teaching 
Assignment “A” to Teaching Assignment 
“B” or vice versa. Nor did the students 
in this study change from laboratory sec- 
tions which were taught by the scientific 
thinking method to laboratory sections 
taught by the descriptive method. 

Samples in the study. The students in 
Teaching Assignment “A” were arbitrarily 
designated as the Experimental group. The 
students in this group were taught in lec- 
ture by the scientific thinking method of 
instruction and, in order to specifically 
identify samples with the methods that were 
used in various situations in this investiga- 
tion, these students were designated as the 
Experimental Lecture Sample. The stu- 
dents in two of the laboratories in Teach- 
ing Assignment “A” were taught by the 
scientific thinking method and the students 
in the other two laboratories in this teach- 
ing assignment were taught in laboratory 
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by the descriptive method. This arrange- 
ment made for two sub-samples. The 
sub-sample taught by the scientific thinking 
method in laboratory was termed the Ex- 
perimental-Guide for Laboratory Studies 
sample. The other sub-sample which was 
taught in laboratory by the descriptive 
method was designated as the Experimen- 
tal-Constructed Notebook sample. These 
sub-samples were designated as indicated 
due to the fact that the students that were 
taught in laboratory by the scientific think- 
ing method used a printed “Guide for 
for Laboratory Studies in Biological Sci- 
ence” ® while the students that were taught 
in laboratory by the descriptive method 
constructed their own notebook. Thus, 
Teaching Assignment “A” consisted of 
three samples. These were: 

1. Experimental Lecture Sample (81).* 
This sample included all the students in 
Teaching Assignment “A” and the students 
in this sample were taught in lecture by 
the scientific thinking method. 

2. Experimental-Guide for Laboratory 
Studies Sample (45). Students in this 
sub-sample were taught both in lecture and 
laboratory by the scientific thinking method 
of instruction. 

3. Experimental-Constructed Notebook 
Sample (36). Students in this sub-sample 
were taught in lecture by the scientific 
thinking method and they were taught in 
laboratory by the descriptive method. 

The students in Teaching Assignment 
“B” were designated as the Control group. 
The designs for both the teaching assign- 
ments in this study were similar. Therefore, 
Teaching Assignment “B” also consisted 
of three samples. The samples in Teach- 
ing Assignment “B” were: 

1. Control Lecture Sample (90). All the 
students in Teaching Assignment “B” con- 
stituted this sample and they were taught 


3 Department of Biological Science, Guide for 
Laboratory Studies in Biological Science. East 
Lansing: Michigan State College Press. 1949. 
Pp. 359. 

*The number in parenthesis following each 
sample refers to the number of students in this 
particular sample. 
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in lecture by the descriptive method of 
instruction. 

2. Control-Constructed Notebook Sam- 
ple (42). Students in this sub-sample were 
taught both in lecture and laboratory by the 
descriptive method. 

3. Control-Guide for Laboratory Studies 


Sample \. Students in this sub-sample 
were ta n lecture by the descriptive 
method « ey were taught in laboratory 


by the scientific thinking method. 
Besides the six samples cited above, the 


‘arrangement of lecture-laboratory combina- 


tions in the two teaching assignments and 
the methods that were used in the various 
teaching situations made for the establish- 
ment of two other samples within the 
framework of the teaching assignments. 
These two samples were: 

1. Guide for Laboratory Studies Sample 
(93). The students in this sample were 
the students from both teaching assign- 
ments that were taught in laboratory by the 
scientific thinking method. That is, this 
sample was composed of the students in 
the two laboratory sections in Teaching 
Assignment “A” that received the scitntific 
thinking method in laboratory and the stu- 
dents in the two laboratory sections in 
Teaching Assignment “B” that were taught 
in laboratory by the scientific thinking 
method. The method of lecture instruction, 
as indicated previously, for the students in 
Teaching * .signment “A” and in Teaching 
Assignment “B” was different. 

2. Constructed Notebook Sample (78). 
The students in this sample were the stu- 
dents from both teaching assignments that 
were instructed in laboratory by the de- 
scriptive method. This sample was com- 
posed of the students in the two laboratory 
sections in Teaching Assignment “A” that 
were taught in laboratory by the descriptive 
method and the students in the two labora- 
tory sections in Teaching Assignment “B” 
that were taught in laboratory by the de- 
scriptive.method. The lecture method of 
instruction was different for the two sub- 
samples that constituted this group of 
students. 
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The eight samples just described con- 
stituted the samples that. were used for 
comparison purposes in this investigation. 


MATERIALS AND METHODS 


One method of teaching used in this 
study was designed to emphasize scientific 
method and scientific attitudes and to pro- 
vide activities in the use of the methods and 
attitudes of science. The procedure fol- 
lowed in the lectures or laboratories con- 
ducted according to the above plan was 
arbitrarily designated as the scientific think- 
ing method of instruction. This method 
purports to teach directly for the develop- 
ment of scientific methods and scientific 
attitudes. The other teaching procedure 
was planned to stress only the factual in- 
formation of the course. The technique 
used in the lectures or laboratories where 
only factual information was emphasized 
was designated as the descriptive method. 

The materials presented to the students 
for the implementation of either of these 
two methods were adapted to the depart- 
mental plan of two one-hour lecture periods 
and one two-hour laboratory period each 
week. The arrangement of the lecture and 
laboratory men- 
tioned, made possible the use of a specific 


periods, as previously 
method in various lecture and laboratory 
combinations. 

Lectures 
thinking. 


designed to teach scientific 
The investigator developed a 
series of lectures for the entire course that 
were designed to teach scientific thinking. 
He intended that these lectures should 
present the subject matter of the course 
according to certain basic assumptions and 
also should provide activities for the incul- 
cation of the methods and attitudes of 
science. 

These lectures were organized in ac- 
cordance with the subject matter areas for 
the course and they were numbered as lec- 
ture number 1, lecture number 2, etc. for 
the respective terms of the course. Each 
lecture was mimeographed and then dis- 
tributed to the students in Teaching As- 
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signment “A” at the beginning of a sched- 
uled lecture period. The lectures designed 
to teach scientific thinking may be sum- 
marized as follows. 

1. The lectures contained factual infor- 
mation. 

2. The iectsres contained informative 
statements pet‘a iing to the objectives of 
the course. 

3. Statements were made throughout the 
lectures as to the i.ethods that were being 
employed in an eff rt to achieve the course 
objectives. 

4. A problem-solving type of organiza- 
tional plan was used in the construction of 
the lectures. However, in order to avoid 
the step bv step sequence of problem, collec- 
tion of data, formation of hypotheses, test- 
ing of hypotheses and drawing conclusions, 
various arrangements were made of the 
materials and of the activities in the 
lectures. 

5. Planned activities for both the written 
and verbal responses of students were in- 
corporated in the lectures. These activities 
included: (1) recognition of problems; 
(2) recall of previous information; (3) 
formation of hypotheses; (4) checking of 
hypotheses; (5) criticalness in evaluating 
data; (6) interpretation of problem situa- 
tions and of data; (7) organization of 
data; (8) awareness of scientific attitudes 
and of the methods of science; (9) drawing 
conclusions and making generalizations ; 
and (10) test item situations. 

6. Activities designed to give students 
practice in scientific thinking by responding 
to factual and to attitudinal statements were 


char-.. ‘istic features of the lectures. There 

‘ro ye hundred and three of these state- 

1 11 the activities provided for this 
use. 


cectures designed to teach only factual 
information. The investigator also con- 
structed a series of lectures that were de- 
signed to present only the factual informa- 
tion in the course. These lectures were 
mimeographed and distributed to the stu- 
dents in Teaching Assignment “B”. Thus, 
these students were taught by the arbi- 
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trarily designated descriptive method of 
instruction. 

The lectures were based upon the text- 
books for the course, the outside reading 
books, and tlie other references given in 
the bibliography for each area or unit of 
study. The content materials in these lec- 
tures, as far as an organized presentation 
of factual information was concerned, was 
the same as that presented in the lectures 
designed to teach scientific thinking. That 
is, both sets of lectures contained the same 
factual subject matter outlines of facts, 
concepts, and principles. The lectures were 
organized into the same number of pre- 
sentations for each term of the course and 
according to the same pattern of areas and 
units as for the lectures constructed to 
teach scientific thinking. 

The characteristic features of these lec- 
tures were: (1) they were basically factual 
in nature; and (2) they were teacher cen- 
tered in that they provided for no classroom 
participation by the students. 

The investigator attempted to construct 
these lectures so that they would be effec- 
tive teaching materials. The lectures, as a 
rule, began with an introduction which 
attempted to stimulate interest, to cite pre- 
vious information, and to coordinate the 
topics being presented with the materials 
that had been previously studied. Com- 
ments were made at variots places in each 
lecture in order to integrate the materials 
and to maintain the continuity of the sub- 
ject matter. Summaries were made and 
significant points emphasized at different 
places in the lectures. The lectures were 
designed with the intention that the lec- 
turer would make only a very limited num- 
ber of verbal comments other than those 
which he made from following the mimeo- 
graphed lectures. The mimeographed lec- 
tures were intended to be the instructor’s 
actual lecture presentation for any specific 
lecture in the course. 

Scientific thinking method as imple- 
mented in lecture situations. The mimeo- 
graphed lectures distributed to the students 
in Teaching Assignment “A”, the Experi- 
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mental Lecture Sample, were used as the 
basis for the presentation of subject matter 
and for the initiation of the class activities. 
The actual use of these lectures constitutes 
the direct approach that was made to teach 
scientific thinking in lecture situations. 
The instructor followed, within limits, 
each lecture as mimeographecd. It is obvious 
that lectures designed to create situations 
for student participation wiil produce vari- 
able classroom conditions depending upon 


such things as the number of activities, stu- 


dent interest, quantity and quality of 
student responses, student questions not in- 
cluded in the lecture, number of students 
making comments, length of the lecture it- 
self, and teacher judgment in guiding the 
class-room activities so that interest and 
continuity of thought and subject matter 
will be maintained. These uncontrollable 
variables together with the time limit im- 
posed by the length of the class period 
(fifty minutes) made for certain variations 
from the mimeographed sheets. 

If it were impossible to finish a given 
lecture in the time allotted for that specific 
lecture due to any of the above variables or 
for any other cause, such as the showing of 
a film in connection with the lecture, the 
students were instructed to study and com- 
plete the activities called for outside of 
class. 

It is significant to mention that blank 
spaces were provided for in the mimeo- 
graphed lectures for each activity that indi- 
cated a written response. At the start of 
the first term, an explanation was given to 
the students of the method that was to be 
followed in lecture and what they were to 
do in following the procedures asked for in 
the lectures. They agreed to cooperate in 
this type of instruction and the investigator 
found the procedures very workabie. 

More specifically the procedure used in 
conducting the class was as follows. The 
mimeographed lecture for a given class 
period was followed to a point where an 
activity was indicated. Students then 
wrote their responses to this activity or did 
what was called for such as mark tate- 
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ments, etc. The instructor had to use his 
judgment, as to the time needed by the 
students to complete the activity. He then 
asked for verbal responses according to 
what the students had written or indicated 
on the lecture sheets. In this way class 
discussion and active student participation 
in the activity was initiated. The investi- 
gator again had to use his own judgment in 
handling the situation both as to the extent 
of participation and as to the time for the 
activity. The materials were designed with 
the intent that such class participation 
would iead directly into the next phase of 
When this did 
not occur, the instructor made the integra- 
tion. Thus, each lecture was followed in 
so far as time would permit, with the excep- 


the mimeographed lecture. 


tion, that some of the subject matter con- 
tent of the lectures was omitted on numer- 
ous occasions when time did not permit 
the completion of the lecture for a given 
day. Activities that were no‘ completed on 
the day on which the lecture had been 
distributed were, as a rule, taken up at the 
next meeting of the class. The general 
rule, that was followed, was that all activi- 
ties would be taken up in class and that 
subject matter, if not covered in class, 
would be studied outside of class by the 
students. Uncompleted activities were also 
to be finished outside of class. 

It is to be emphasized that student par- 
ticipation was encouraged in all situations. 
Students were also encouraged to ask ques- 
tions and such questions were answered or 
discussed. Spontaneous group discussions 
and comments between students were en- 
couraged with the instructor acting mainly 
as a moderator. Answers and comments 
were evaluated orally by teacher and stu- 
dents. The responses made to the state- 
ment in the specific activities designed to 
give training in the development of scien- 
tific attitudes were discussed in detail and 
evaluations arrived at. This means that 
considerable time was devoted to an analy- 
sis of the responses in regards to open- 
mindedness, suspended judgment, freedom 
from prejudice, and the other habits of 
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thinking associated with the use of the 
scientific method. 

The significant point in the presentation 
of the lectures designed to teach scientific 
thinking is that an all out effort was made 
to present the materials themselves and to 
properly set the stage so that the students 
would engage in activities which would 
foster scientific attitudes and the skills in- 
herent in scientific methods. 

The instructor, in handling the subject 
matter content in the lectures, followed it 
exactly as it was printed. He tried not 
to appear as if he were just reading the 
lectures. However, the point is to be em- 
phasized that conscious effort was made 
not to deviate from the statements as they 
appeared in the lectures. Students read 
the subject matter materials as the instruc- 
tor orally presented the materials. That is, 
the content materials in the mimeographed 
lectures were designed to be the actual 
things that would be said by the instructor 
during the class period. When drawings 
were indicated, the instructor made such 
drawings on the blackboard. Occasionally 
significant terms or statements were also 
written on the blackboard that were not 
called for in the mimeographed lectures. 
When this occurred, the same procedure 
was followed in the lectures for the Control 
Lecture Sample. Any deviations, as far as 
subject matter content, announcements, re- 
view questions, or techniques to present the 
facts in the subject matter outline, from 
the. mimeographed sheets were made the 
same for the lectures in both Teaching As- 
signment “A” and Teaching Assignment 
“B”. That is, if such deviations as just 
merii:oned occurred in a lecture given to the 
Experimental Lecture Sample, the same 
deviations were made in presenting the 
lecture designed for the Control Lecture 
Sample and vice versa. The foregoing re- 
marks naturally do not apply to the prob- 
lems and class activities called for in the 
lectures designed to teach _ scientific 
thinking. 

Descriptive method as implemented in 


lecture situations. The investigator tried 
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to maintain the same setting for the class 
environment with the Control Lecture 
Sample as with the experimental lecture 
group but for one exception. This excep- 
tion was that student participation was 
consciously kept at a minimum. There were 
no class activities other than the formalized 
procedure of authoritative teaching. No 
class discussions of any extent were al- 
lowed. Student questions were permitted 
and such questions were either answered in 
a straight forward manner by the instructor 
or a reference was cited. Students were not 
encouraged to ask questions. The instruc- 
tor did use, at various times, the traditional 
teacher-student question technique to stim- 
ulate student attention. 

The instructor, except for the deviations 
which may have occurred as previously 
mentioned and which were then repeated 
in the other teaching assignment, followed 
exactly the mimeographed lectures that 
were distributed to the students in Teach- 
ing Assignment “B”, the Control Lecture 
Sample. He tried to talk from the lecture 
sheets instead of just reading them. The 
students read the mimeographed sheets as 
the instructor orally presented the mate- 
rials to the class. The only formal instruc- 
tion that these students had in lecture 
situations on scientific attitudes and scien- 
tific methods was in the one area, “The 
Scientific Approach to Problems.” 

The main purpose of the lectures that 
were given to the students in the Control 
Lecture Sample was to impart the facts, 
concepts, and principles in an understand- 
ing manner. 

Laboratory materials and procedures de- 
signed to teach scientific thinking. The 
“Guide for Laboratory Studies in Biologi- 
cal Science’ * was used in the laboratory 
sections in this investigation which are 
reported as having been taught by the sci- 


entific thinking method. Justification for 


4 Department of Biological Science, Guide for 
Laboratory Studies in Biological Science. East 


Lansing: Mcihigan State College Press. 1949. 
Pp. 359. 
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this viewpoint is to be found in statements 
by Lawson, such as 


The laboratory program of the course is being 
developed with one primary object in mind—to 
teach the student to think scientifically. In tradi- 
tional biology courses the major emphasis has 
been on collecting more information or on accen- 
tuating by visual means information already 
acquired by the auditory route. Training in the 
use of the scientific method has supposedly been 
an important by-product but it has seldom been 
taught directly. Our laboratory program reverses 
the traditional method. We are teaching the 
scientific method directly by means of biological 
. subject matter. Our first object is to train the 
student to think scientifically. If in the process 
he also acquires some biological information we 
are pleased. 

Our purpose in concentrating on the scientific 
method is to give the student a method of thinking 
and a mental attitude that will be useful to hig 
in his daily life.5 


Some of the general procedures followed 
in these laboratory studies are given in the 
following the 
studies. 


description of laboratory 


All studies were written so the student 
must make direct observations on biological mate- 
rial; collect data from other reliable sources; 
analyze the data and draw conclusions from them. 
The student is asked to formulate hypotheses and 
to test them by further observation including 
experimentation. He is frequently requested to 
suggest two or more hypotheses to explain a given 
set of facts. One of these may well be the text- 
book explanation, but he must think for himself 
to devise a second hypothesis. The student is not 
asked for the correct explanation only, but for as 
many logical explanations as he can imagine.® 

The investigator assumed that the studies 
in this guide were designed to teach scien- 
tific thinking and that they were written so 
that students could follow the procedures 
without any verbal introduction or direc- 
tion by the instructor. The instructor tried 
to give guidance in the teaching situations 
when students asked for assistance, but 
otherwise he remained in the background 
in this teaching situation. When students 
had completed a study, they were permitted 
to check their work with the instructor’s 
keyed guide. 

Materials and procedures used in the 

5 Chester A. Lawson, “Basic Biological Science 
at Michigan State College.” The Journal of 
General Education, 2:79, October, 1947. 

6 Tbid., p. 81. 
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labe ies taught by the 


method of instruction. 


descriptive 
The descriptive 
method of instruction, as used in laboratory 
situations, the 
instruc- 
The investigator's purpose in this 


may be characterized as 


lecture-demonstration method of 
tion. 
method of instruction was to impart facts 
and to develop understandings by giving 
the relationships to be observed in certain 
of the concepts and principles of biological 
science. 

The organizational pattern of the labora- 
tory studies, as to the topics being studied 
and the number of laboratory periods, for 
all laboratory sections in this investigation 
was the same. 

The lecture-demonstrations each 
study were based on the Department’s 
“Guide for Laboratory Studies in Biologi- 
cal Science.” 


for 


The students taught by this 
method, did not purchase this laboratory 
guide, but they constructed a laboratory 
notebook in accordance with the instruc- 
tor’s directions for each study. The method 
of instruction was designed to be a factual 
teacher presentation of the study as it was 
the “Guide 
Studies in Biological Science.” The instruc- 
He 
presented the data relative to the situation 
He called attention to the 
things to be observed in the study and made 


printed in for Laboratory 


tor stated the objectives for the study. 
being studied. 


the interpretations concerning these obser- 
vations. He performed the demonstrations 
and drew the conclusions. 

TESTS AND 


TREATMENT OF DATA 


The tests used for the main purpose of 
this study were: the Cooperative College 
1943; 


Departmental term-end examination for the 


siology Test, Provisional Form T, 


first term’s work; Departmental term-end 
examination for the second term’s work; 
Comprehensive Examination in Biological 
Science; Comprehensive Examination in 
siological Science—Scientific Thinking 
Test; Noll’s What Do You Think? test 
Forms 1 and 2; and a test constructed by 
the investigator entitled What Do You 
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Think Relative to Certain Beliefs and Situ- 
ations Pertaining to Biological Science? 

The tests used in this investigation were 
assumed to be valid instruments. The 
reasons for this assumption are given in the 
discussion of the various tests that follows. 
The formula’ used for estimating the re- 
liability coefficient of each test was the 
modified Kuder-Richardson formula of 
ratioual equivalence. 

Cooperative College Biology Test. This 
test was used explicitly for the purpose of 
determining achievement on factual infor- 
mation in biological science. While no 
printed statement with respect to the valid- 
ity of this instrument was found, inspection 
of this test by any one familiar with the 
field of biology should leave no doubt that 
the instrument tests for biological facts. 

The Cooperative College Biology Test 
was administered as a pre-test at the begin- 
ning of the first term and as a post-test at 
the end of the first term. It was also 
administered at the end of the second term 
and again at the end of the third term. 

The correlation coefficients between stu- 
dent scores on the American Council Psy- 
chological Examination and on the Coop- 
erative College Biology Test each time the 
students took the latter test were: for stu- 
dents in Teaching Assignment “A” .11 
+ .11, .29 + .10, .31 + .10, and .23 + .11; 
for students in Teaching Assignment “B” 
34 + 09, 39 + 09, 52 + .08, and 
48 + .08. The estimated reliability co- 
efficients of the Cooperative College Biol- 
ogy Test as calculated for each administra- 
tion of this test were .83, .88, .90, and .88 
respectively. 

Departmental term-end tests. The De- 
partmental term-end tests for both the first 
and second terms of the course were con- 
structed by a departmental committee. The 
general procedure for the construction of 
each test was as follows. 

The committee prepared a preliminary 
draft of test items and copies of these items 

7 Henry E. Garrett, Statistics in Psychology 
and Education. New York: Longmans, Green 
and Co. 1947. p. 385. 
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were distributed to staff members for key- 
ing and for specific criticism, such as 
whether or not the items represented mate- 
rials covered in the term and as to whether 
or not the items were in line with the 
objectives of the course. Upon return of 
these copies, final test items were decided 
upon by the committee. Items, as a rule, 
were of the five response multiple choice 
type. These items were incorporated into 
four test booklet forms. Each test booklet 
form contained the same items, but in 
different sequence of items. Since these 
tests were prepared by 2 departmental com- 
mittee and had been reviewed and criticized 
by the departmental staff, it was assumed 
that they possessed curricular validity. 

The Departmental term-end test con- 
structed to measure overall achievement at 
the end of the first term in the course con- 
tained seventy-four items. The estimated 
reliability coefficient for this test was .71. 
The correlation between the scores of the 
students in Teaching Assignment “A” on 
this test and on the American Council 
Psychological Examination was .41 + .09. 
The correlation between the test scores on 
the same instruments for the students in 
Teaching Assignment “B” was .43 + .09. 

The Departmental term-end test con- 
structed to measure overall achievement at 
the end of the second term in the course 
contained seventy-two items. The esti- 
mated reliability coefficient of this test was 
72. The correlations between the scores 
of the students in Teaching Assignments 
“A” and “B” on this test and on the Amer- 
ican Council Psychological Examination 
were .36 + .10 and .41 + .09 respectively. 

Comprehensive Examination in Biolog- 
ical Science. The examination constructed 
to measure overall achievement at the 
end of the third term in the course was 
the Comprehensive Examination in Biolog- 
ical Science. This exanination was pre- 
pared by Dr. Clarence H. Nelson, Exam- 
iner in Biological Science, of the Board of 
Examiners of Michigan State College. Dr. 
Nelson was also a teaching member of the 
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instructional staff of the Department of 
Biological Science. 

The method followed in determining the 
items in the final form of this examination 
was similar to the procedure used in estab- 
lishing curricular validity for the Depart- 
mental term-end examinations. A prelim- 
inary form of the test was distributed to 
each of the five members of the Depart- 
mental Comprehensive Examination Com- 
mittee. Each member of this committee 
was responsible for criticizing the test with 


‘respect to its appropriateness for measuring 


the objectives of the course. After having 
reviewed and keyed the test, the committee 
met for final group approval of the test. 
This approval consisted of a majority of the 
members of the committee agreeing on each 
item as to its suitability for testing pur- 
poses and the correct answer for the item. 
It was upon the basis of this procedure that 
the examination was assumed to possess 
curricular validity. 

The Comprehensive Examination in 
Biological Science administered at the end 
of the spring term, 1950, contained three 
hundred items. The examination was or- 
ganized into two separate test booklets of 
one hundred and fifty items each of which 
were labeled Part I and Part II. Students 
were allowed two and one-half hours of 
working time for each part of this exam- 
ination. 

The estimated reliability coefficient of 
this examination was .89. The correlation 
between the scores of the students in 
Teaching Assignment “A” on this exam- 
ination and on the American Council 
Psychological Examination was .46 + .09. 
The corresponding correlation for the stu- 
dents in Teaching Assignment “B” was 
59 + .07. 

Comprehensive Examination in Biologi- 
cal Science—Scientific Thinking Test. The 
items used to measure ability to think scien- 
tifically were the items on the Comprehen- 
sive Examination in Biological Science that 
were designed to measure the following 
objectives: (1) ability to recognize cause- 
effect relationships ; (2) ability to interpret 
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data and draw conclusions therefrom; (3) 
ability to recognize and test hypotheses; 
(4) ability to recognize and solve prob- 
lems; and (5) ability to critically evaluate 
experimental procedures and real situations 
having scientific implications. There were 
two hundred and forty-three such items 
and, for purpose of this study, these items 
as a group were designated the Compre- 
hensive Examination in Biological Sci- 
ence—Scientific Thinking Test. 

The validity of the Comprehensive Ex- 
amination in Biological Science—Scientific 
Thinking Test was assumed on the basis 
that the items constituting this test had been 
reviewed and approved by five teaching 
members of the departmental staff. 

The estimated reliability coefficient of the 
Comprehensive Examination in Biological 
Science—Scientific Thinking Test was .87. 
The correlation between the scores of the 
students in Teaching Assignment “A” and 
“B” on this test and on the American 
Council Psychological Examination was 
47 + .09 and .62 + .07 respectively. 

What Do You Think? test, Forms 1 and 
2. It is significant to point out that the 
What Do You Think? test was designed 
specifically for the measurement of scien- 
tific attitudes in terms of habits of thinking.® 
These habits of thinking as defined by 
Noll ® were directly taught for in the scien- 
tific thinking method used in this investi- 
gation. 
in this paper. 

Each form of the What Do You Think? 
test contains the same number of items. 





These have been given previously 


There are seventy-five items which are to 
be marked true, false, or doubtful; fifteen 
items relative to the interpretation of a 
diagram of the way the Earth, Mars, and 
Eros travel around the sun; and, twenty- 
two words to be numbered according to 
their alphabetical order in each form of the 
test. Both forms of the What Do You 

8 Victor H. Noll, The Habit of Scientific 
Thinking, A Handbook for Teachers. New York: 
Bureau of Publications, Teachers College, Colum- 


bia University. 1935. p. 20. 
9 Tbid., p. 4. 
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Think ? test were administered as a pre-test 
at the beginning of the fall term, 1949. In- 
spection of the results of this testing showed 
that the word-order question was answered 
correctly by almost one hundred per cent of 
the students, therefore this part of the test 
was not used in scoring or in subsequent 
administrations of this test. 

Forms 1 and 2 of this test were admin- 
istered as pre-tests at the beginning of the 
fall term and as post-tests at the end of the 
fall term. Both forms were also adminis- 
tered at the end of the second and third 
terms in the course. 

The correlations between the scores of 
the students in this study on Forms 1 and 
2 of this test and on the American Council 
Psychological Examination for each admin- 
istration of the What Do You Think? test 
were: for students in Teaching Assignment 
“A” on Form 1, 40 + .09, .26 + .10, 
A9 + .11, and .22 + .11; for students in 
Teaching Assignment “B” on Form 1, 
33 + 09, 20 + .10, 34 + 09, and 
38 + .09; for students in Teaching As- 
signment “A” on Form 2, .24 + .1I1, 
16 + .11, .24 + .11, and .09 + .11; and 
for students in Teaching Assignment “B” 
on Form 2, .42 + .09, .32 + .10, .39 + .09, 
and .36 + .09. 

The coefficients of correlation between 
F>rm 1 and 2 as calculated from the pre- 
test scores of the students in Teaching As- 
signment “A” and “B” were .60 and .56 
respectively. The estimated reliability co- 
efficient for Form 1 and for Form 2 of this 
test as calculated by the modified Kuder- 
Richardson formula of rational equivalence 
from the pre-test results was .56 and .46 
respectively. Since inter-form correlations 
are usually coisicdcred-the severest test of 
reliability, it may be concluded that these 
results represent minimum values. 

In view of the purposes of this investiga- 
tion and the procedures that were employed 
to validate the What Do You Think? test,!° 


10 Victor H. Noll, The’ Habit of Scientific 
Thinking, A Handbook for Teachers. New 
York: Bureau of Publications, Teachers College, 
Columbia University. 1935. Pp. 27. 
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the investigator considered it to be the most 
valid instrument available to measure the 
scientific attitudes that were taught for in 
the scientific thinking method used ‘in 
this study. 

What Do You Think Relative to Certain 
Beliefs and Situations Pertaining to Bio- 
logical Science? test. This test was con- 
structed to measure scientific attitudes as 
habits of thinking with respect to biological 
beliefs and situations. It was composed of 
one hundred and fifty items that were to be 
marked true, false, or neither true or false 
or if more information would be needed to 
consider the item either true or false. The 
items were, as a rule, stated positively and 
they related to some aspect of the subject 
matter content in biological science that had 
been studied during the year. These items 
were of the same type that were used in 
the activities designed to give students 
practice in developing habits of thinking 
scientifically as employed in the lecture 
situations for Teaching Assignment “A”. 
Some of the items were taken directly from 
those activities. In view of these facts, it 
was assumed that this test possessed cur- 
ricular validity. 

The estimated reliability coefficient for 
this test was .69. The correlation between 
the scores of the students in Teaching As- 
signment “A” on this test and on the 
American Council Psychological Examina- 
tion was .26 + .10. The correlation be- 
tween the scores of the students in Teach- 
ing Assignme.t “B” on these two tests was 
51 + .08. 

This test was administered at the last 
scheduled lecture period for both teaching 
assignments. 

Samples compared in this study. The 
students in the various samples were taught 
in lecture, in laboratory, or in lecture and 
laboratory by either the scientific thinking 
method or the descriptive method of teach- 
ing for the entire school year. Thus it was 
possible to make comparisons between the 
mean achievements of the students in 
specified samples with respect to the rela- 
tive effectiveness of the scientific thinking 
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method and the descriptive method of teach- 
ing students in lecture, in laboratory, and 
in lecture and laboratory. It needs to be 
clearly understood that in making the com- 
parisons it was assumed that the effects 
attributable to a particular method of in- 
struction in teaching students in lecture 
would be the same irrespective of the 
method of instruction used in teaching the 
students in laboratory or vice versa. This 
assumption was held for six of the seven 


comparisons between samples that were 


made in this study. The assumption was 
unnecessary in the comparison between the 
samples in which the method of instruction 
was the same in both lecture and laboratory. 

Since the eight samples were identifiable 
in terms of the method or methods of in- 
struction used in teaching the students, 
seven comparisons between samples were 
possible in which there was a distinguish- 
able teaching variable. In three of the 
comparisons, the teaching variable was the 
method used in lecture. In three of the 
comparisons, the method used in laboratory 
was the teaching variable and in one com- 
parison the teaching variable was the 
method of teaching used in both lecture 
and laboratory. 

Statistical methods used in this study. 
The hypothesis held for each comparison 
was that achievement is independent of in- 
structional method, that is, the mean 
achievements of students in the two samples 
are equal. 

The technique illustrated by Johnson ™ 
for analysis of variance and covariance with 
two independent variables was used to test 
the above hypothesis. There were eighty- 
eight such analyses made in this study. The 
student’s score on the American Council 
Psychological Examination was one of the 
two independent variables held constant in 
the analyses made in the study. Either the 
Cooperative College Biology Test or What 
Do You Think? test pre-test score was the 


11 Palmer O. Johnson, Statistical Methods in 


Research. New York: Prentice-Hall, Inc. 1949. 
pp. 246-260. 
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other independent variable held constant in 
the analyses made in the study. 

The test of significance used in each 
analysis was the F-test. When the hy- 
pothesis was accepted, it was inferred that 
the difference between the mean achieve- 
ments of the students in the two samples 
could be attributed to chance. Therefore, 
one method of instruction was assumed to 
be just as effective as the other method. 
The hypothesis was rejected when this test 
indicated significance at the .01 or .05 level 
of confidence. When the hypothesis was 
rejected, it was inferred that the difference 
between the mean achievements of the 
students in the two samples could hardly be 
due to chance alone. This difference was 
assumed to have been the result of the 
instructional methods since in the analysis 
the two independent variables were con- 
trolled by a covariance adjustment. To 
determine which method of instruction had 
produced this significant difference, the 
means of the two samples were adjusted 
for the sample difference on each of the two 
independent variables in accordance with 
the technique suggested by McNemar.™ 
The method used in teaching the students 
in the sample having the higher adjusted 
mean was considered to have been the 
more effective method of teaching. 


RESULTS 


The results of the analyses made with 
respect to the relative effectiveness of the 
scientific thinking method and the descrip- 
tive method in teaching factual information, 
overall objectives of the course, abilities 
inherent in scientific thinking, and scientific 
attitudes are summarized according to these 
four objectives. 

Factual information. The results per- 
taining to student achievement on the fac- 
tual information in biological science may 
be summarized as follows. 

1. After one and also after two term’s 

12Quinn McNemar, Psychological Statistics. 


New York: John Wiley and Sons, Inc. 1949. 
p. 328. 
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instruction, the descriptive method was 
more effective in teaching factual informa- 
tion in lecture than the scientific thinking 
method as measured by the Cooperative 
College Biology Test. 

2. After three term’s instruction, the two 
methods of lecture were equally effective 
in teaching factual information as measured 
by the Cooperative College Biology Test. 

3. After one, two, and three term’s in- 
struction, the two methods as far as labora- 
tory instruction was concerned were equally 
effective in teaching factual information as 
measured by the Cooperative College Biol- 
ogy Test. 

4. After one term’s instruction in teach- 
ing the students in lecture and laboratory, 
the descriptive method was more effective 
than the scientific thinking method. How- 
ever, after two and also after three term’s 
instruction in which one or the other of the 
methods were used in teaching the students 
in both lecture and laboratory, the two 
methods were equally effective in teaching 
factual information as measured by the Co- 
operative College Biology Test. 

The scores of the students on the Co- 
operative College Biology Test were also 
used to determine student progress each 
term in the course with respect to the acqui- 
sition of factual information. Critical ratios 
were calculated to test the significance of 
the difference between initial and final 
sample means each term in the course. The 
students in both teaching assignments made 
statistically significant gains in knowledge 
of factual information each term of the 
course as measured by the Cooperative 
College Biology Test. 

Overall achievement in the course. The 
analyses of the data collected by the ad- 
ministration of the Departmental term-end 
examinations and the Comprehensive Ex- 
amination in Biological Science indicated 
that the two methods as used in lecture, in 
laboratory, and in lecture and laboratory 
were equally effective in teaching the over- 
all objectives of the course. 


Ability to think scientifically. The re- 
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sults pertaining to the ability to think scien- 
tifically are summarized as follows. 

1. In lecture situations, the two methods 
were equally effective in teaching the abili- 
ties associated with scientific thinking as 
measured by the Comprehensive Examina- 
tion in Biological Science—Scientific 
Thinking Test. 

2. In laboratory situations, the scientific 
thinking method as used in laboratory in- 
struction appeared to be more effective in 
teaching the abilities inherent in scientific 
thinking as measured by the Comprehen- 
sive Examination in Biological Science— 
Scientific Thinking Test than the descrip- 
tive method. 

3. In the situation in which the instruc- 
tional method was the same in lecture and 
laboratory, the scientific thinking method 
was more effective in teaching the abilities 
inherent in scientific thinking as measured 
by the Comprehensive Examination in Bio- 
logical Science—Scientific Thinking Test 
than the descriptive method. 

Scientific attitudes. The results pertain- 
ing to student acquisition of scientific atti- 
tudes may be summarized as follows. 

1. After one and also after two term’s 
instruction, the scientific thinking method 
and the descriptive method as used in lec- 
ture, in laboratory, and in lecture and 
laboratory appeared to be equally effective 
in teaching scientific attitudes as measured 
by Noll’s What Do You Think? test. 

2. After three term’s instruction, the sci- 
entific thinking method as used in lecture 
situations appeared to be slightly more 
effective in teaching scientific attitudes as 
measured by Noll’s What Do You Think? 
test than the descriptive method. 

3. In laboratory situations, the scientific 
thinking method and the descriptive method 
were equally effective as far as the acquisi- 
tion of scientific attitudes was concerned 
as measured by the tests used in this study. 

4. In the situation in which the instruc- 
tiona! method was the same in lecture and 
laboratory, the two methods were equally 
effective in teaching scientific attitudes as 
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measured by Noll’s What Do You Think? 
test. 

5. In lecture situations and in the situa- 
tion in which the instructional method was 
the same in lecture and laboratory, the 
scientific thinking method was more effec- 
tive in teaching scientific attitudes as 
measured by the What Do You Think 
Relative to Certain Beliefs and Situations 
Pertaining to Biological Science? test than 
the descriptive method. 

The scores of the students on the What 
Do You Think? test were also used in this 
study to determine the changes that oc- 
curred in the scientific attitudes of the 
students in each teaching assignment. Criti- 
cal ratios were calculated to test the sig- 
nificance of the difference between initial 
and final means for each term in the course. 
The students in both teaching assignments 
made significant changes in scientific atti- 
tudes as measured by the What Do You 
Think? test during the course in biological 
science. 


CONCLUSIONS 


The overall conclusions of this study 
with respect to the relative effectiveness of 
the two methods of teaching students in 
lecture, in laboratory, and in lecture and 
laboratory are summarized according to 
these teaching situations. 

In lecture situations. The descriptive 
method of teaching in lecture has some ad- 
vantages over the problem-solving method 
as used in this study. It was more effective, 
for a time at least, in producing gains in 
the achievement of the students on the 
factual information in biological science. It 
appeared to be just as effective as the scien- 
tific thinking method in teaching the overall 
objectives of the course and this is signifi- 
cant with respect to the difference in the 
amount of time and effort required to pre- 
pare the lectures for each method. The 
investigator found it much easier and less 
time consuming to prepare the lectures for 
the descriptive method. 


The problem-solving techniques em- 
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ployed in the lectures designed to teach 
scientific thinking were apparently no more 
effective in teaching certain abilities asso- 
ciated with scientific thinking than the 
traditional teacher presentation of subject 
matter materials. These techniques are 
just as effective for teaching the factual 
information of biological science and the 
overall objectives of the course at Michigan 
State College as the descriptive method 
when used for the entire year. 

The activities used in the lectures de- 
signed to teach scientific thinking were 
more effective in teaching scientific atti- 
tudes than the procedures employed in the 
descriptive method as used in this study. 

In laboratory situations. The descriptive 
method and the scientific thinking method 
were equally effective in laboratory instruc- 
tion with respect to the acquisition of fac- 
tual information, of the overall objectives 
of the course, and of scientific attitudes. 

The procedures employed in the scien- 
tific thinking method as used in laboratory 
instruction were more effective in develop- 
ing certain abilities associated with scien- 
tific thinking than the descriptive method. 

In lecture and laboratory. The two 
methods were equally effective in teaching 
factual information and the overall objec- 
tives in the course at Michigan State Col- 
lege. The scientific thinking method was 
more effective in teaching certain of the 
abilities inherent in scientific thinking than 
the descriptive method. The scientific 
thinking method was more effective in 
teaching scientific attitudes than the de- 
scriptive method. 


EDUCATIONAL IMPLICATIONS 


In light of the results and conclusions of 
this investigation, it seems reasonable and 
justifiable to state that this study has con- 
tributed evidence in support of the follow- 
ing educational implications. 

1. The telling method of teaching can 
be an effective method for teaching students 
factual information. It may be more eco- 


nomical in time and effort to present 
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authoritatively the materials to be learned. 
This can be interpreted to mean, that if 
acquisition of factual information is the 
educational goal, the direct teaching of the 
facts will probably produce the desired 
outcome in the shortest time. These im- 
plications are based on the fact that the 
descriptive method of teaching factual in- 
formation in lecture was apparently more 
effective for one and also for two term’s 
instruction than the scientific thinking 
method as used in this study. 

2. The ability to think scientifically can 
be a concomitant outcome of science in- 
struction. This implication seems justifi- 
able in view of the fact that student achieve- 
ment on tests constructed to measure the 
overall objectives of the course was found 
to be independent of the methods used in 
teaching the students. 

3. The ability to think scientifically can 
be taught more effectively when students 
are given direct training in the methods of 
science than when they do not receive such 
training. 
supported by the laboratory findings in this 
study. However, the techniques used in 
lecture for the direct teaching of the abili- 


This educational implication is 


ties associated with scientific thinking were 
apparently no more effective than the tradi- 
tional lecture method. This points to the 
need for further research with respect to 
the development of materials and pro- 
cedures for the direct teaching of the skills 
inherent in scientific thinking. 

4. Scientific attitudes can be concomitant 
outcomes of science instruction. 
plication is supported by the fact that the 
students who were taught in lecture and 
laboratory by the descriptive method made 
significant gains in scientific attitudes dur- 
ing the school year. 

5. Scientific attitudes can be taught more 
effectively when students are given direct 


This im- 
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practice in developing such attitudes than 


when no provisions are made for the 
development of such attitudes. This im- 


plication was definitely supported by the 
lecture findings. The laboratory results 
indicate that the materials used in labora- 
tory instruction in the scientific thinking 
method were no better than the iecture- 
demonstration method used in the descrip- 
tive method. Again, further research is 
indicated with respect to materials and pro- 
cedures for the direct teaching of scientific 
thinking. 

6. Problem-solving can be an effective 
method for teaching both facts and the 
skills inherent in the methods of science. 
This implication is supported by the fact 
that after three term’s instruction the scien- 
tific method was just as effective in teaching 
factual descriptive 
method and also by the fact that student 
achievement on tests constructed to meas- 
ure the overall objectives of the course was 
independent of the methods employed in 
teaching the students. This implication is 
further supported in that the scientific 
thinking method was more effective in 
teaching certain abilities inherent in scien- 
tific thinking in laboratory and in lecture 
and laboratory than the descriptive method. 

7. It is possible to construct effective 
materials for the direct teaching of scien- 
tific attitudes and the methods of science. 
The fact that the students who used a 
laboratory guide designed to teach scien- 
tific thinking did significantly better on a 
test constructed to measure ability to think 
scientifically than students who did not use 
This 
implication is also supported in that the 
activities used in the lectures designed to 
teach scientific thinking were more effective 
in teaching scientific attitudes than the 


information as_ the 


this guide supports this implication. 


procedures used in the descriptive method. 
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THE 


SUBJECT-MATTER CONTENT OF GENERAL EDUCATION 


SCIENCE COURSES * 


Rospert ApRIAN BULLINGTON 


Northern Illinois State Teachers College, DeKalb, Illinois 


HIS paper is concerned with one phase 
i be subject-matter content) of a na- 
tion-wide study of college-level general edu- 
cation science courses. One hundred and 
fifty courses were investigated by question- 
naire and other procedures. The courses 
17 of the general type 
(covering both physical and biological sci- 
ences), 52 in biological science, 51 in 
physical science, and 28 single-subject sci- 


studied included 


ence courses designed for general educa- 
tion (botany, zoology, chemistry, physics, 
earth science, astronomy). In 
there were two courses which covered a 


addition 


two-year program in both areas of science. 

Selection of subject-matter content has 
been a particularly difficult problem for 
teachers of general education 
courses. There is much from which to 
choose. 
needs of general education students and 
what may be omitted without detracting 


science 


What materials will best meet the 


from the values of the courses? 

An examination of the procedures used 
and results obtained by many experienced 
teachers may be helpful to others who are 
planning new courses or revising old ones. 


DETERMINATION OF CouRSE CONTENT 


The subject-matter. content of a majority 
of courses has been determined on the 
basis of teacher opinion. Replies to a ques- 
tion asking who chose the subject matter 
indicate that committee action and indi- 


* This paper is condensed from a portion of 
the author’s dissertation for the Ph.D. degree 
from Northwestern University, June, 1949. Other 
phases of the study have been published in Sci- 
ence Education, April, 1949 and March, 1951 and 
the Association of American Colleges Bulletin, 
May, 1950. 

Paper presented at the Twenty-fifth Meeting 
of the National Association for Research in Sci- 
ence Teaching, Congress Hotel, Chicago, Illinois, 
February 15, 1952. 


vidual teacher action are about equal in 
importance. 

Individual teachers who plan course con- 
tent are, by their own statements, influ- 
enced in some degree by their own experi- 
ence, interests, inclinations, and aptitudes. 
Sometimes they have consulted with ad- 
ministrators or other teachers. Of the 
committees reported, some have been within 
a single department, some _interdepart- 
mental, and a few have had representatives 
of several schools. 

The methods used in selecting subject 
matter, as well as the criteria for its se- 
lection, are of considerable importance 
In the answers to the question concerning 
content there was no distinction between 
methods and criteria; therefore, they will 
be considered together. The answers will 
be listed in the order of frequency of men- 
tion. 

1. The content was most frequently based 
upon the needs of the students. In a few 
cases special studies were made of student 
needs; in most, the teacher arbitrarily de- 
cided what the needs were. 

2. Next in frequency was determining 
the content in whole or in part by the text- 
book chosen. A common practice is to 
set up the course objectives, select a text- 
book that seems to meet these objectives, 
and then to follow the book chosen. Some 
teachers have written their own textbooks. 
Several good ones have grown out of the 
courses included in this study. 

3. Some teachers base the content upon 
the immediate interests of the students en- 
rolled in the course. The content may vary 
from class to class and year to year. In 
some instances the same large areas of 
subject matter are always used, but em- 
phasis varies. 

4. It is quite common for teachers to 
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try to give a general survey of the whole 
field or area indicated by the course title. 
This method probably does not give much 
consideration to the needs or interests of 
general education students. “Covering the 
subject” is a more appropriate goal for 
the introductory courses in the various sci- 
ences. 

5. The subject matter of some courses 
was chosen in order to meet the specific 
objectives of the courses. 

6. The recommendations or requirements 
of outside agencies, such as state depart- 
ments of education, are sometimes the basis 
of course content. 

7. Some courses were planned after study- 
ing texts and syllabi to determine the com- 
mon topics covered. 

8. The principles of 
general education have been determined 
in various studies in both the physical and 
biological science areas and have been 
made the basis of certain courses. 

Each of the above procedures was used 
in from three to fifteen courses. The fol- 
lowing were used in one or two cases each. 
The course content was planned: 


importance for 


9. Aiter other courses. 

10. Through years of experiment and 
analysis. 

11. To include the science material of 
current newspapers and magazines. 

12. To fit the school program in general 
education. 

13. To cover current events in science. 

14. On the basis of a review of the 
literature on the subject. 

15. By trial and error. 

16. To explain certain selected concepts. 

17. In a special study for the Ph.D. 
degree. 

18. To fit the laboratory equipment avail- 
able. 

19. To explain daily experiences with 
science phenomena. 

The selection of course content is certain 
to be influenced by the training and ex- 
perience of the teacher. Thus it is im- 
portant that general education courses, for 


[Vor. 36, No. 5 


which there is no “traditional” subject 
matter, be under supervision of interested 
and competent teachers. 

The most commen criteria used in the 
determination of subject matter are student 
needs, student interests, and analysis of the 
course objectives. It is quite common to 
base the course upon a textbook, often 
chosen with these criteria in mind. Some- 
times the goal is merely to “cover the sub- 
ject.” 


Course SYLLABI AND OUTLINES 


It is surprising to note that in 91 courses 
(62 percent of the 146 supplying this in- 
formation) a syllabus or course outline has 
been prepared. These range from an out- 
line of a few pages to large volumes com- 
parable to textbooks. 
used in place of texts. 

The great amount of activity in the 
preparation of course materials indicates 
that many teachers are giving considerable 
thought to their courses. 


Many syllabi are 


As courses are 
improved, syllabi are revised, sometimes 
yearly. There is a large degree of inde- 
pendence from textbooks. Some teachers 
use none; others use them intermittently. 
The teachers that use no texts assign read- 
ing material from a variety of books. Most 
of the syllabi and outlines have been de- 
veloped in the physical and biological sci- 
ence courses. Relatively few have been 
produced for the single-subject courses. 

In connection with the use of a syllabus 
an important consideration is to determine 
how extensive a syllabus the teacher can 
give the student and still maintain an in- 
centive to do other reading in science. 
There is no easy answer. Many teachers 
are of the opinion that if a course is based 
largely upon either a text or syllabus, stu- 
dents will read little else. 


Sources OF SuBJECT MATTER 


Teachers were asked to list the approxi- 
mate percentages of subject matter selected 
from astronomy, chemistry, geology, phys- 
ics, botany, human biology, zoology, and 
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general biology. Though the exact per- 
centage of a course devoted to any particular 
science is of little significance, the general 
emphasis is important. 

Table 1 shows the number of courses of 
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“total” column of 
Table 1 he gets the impression that the fields 
of physical science are more frequently 


If one studies the 


covered in general education courses than 


are those of biological science. This is true 


TABLE 1 


THE NUMBER OF COURSES OF 


EacH TYPE THAT 


FiELps OF SCIENCE 


y 57 5 
a rc oO . 
a oe 
>” . fc 
Source of material 5 aa ms 
Total number 
of courses 13 17 32 
Astronomy 12 2 
Chemistry 12 + 10 
Geology 11 3 7 
Mathematics d 2 
Physics 12 1 5 
Other physical 
science 4 
Botany 7 16 28 
Human Biology 10 16 30 
General Biology 6 3 4 
Zoology 7 17 30 
Other biological 
science 1 + 6 


each type that include material from each of 
the different fields of science. It can 
readily be seen that not all general courses 
include each field of the physical sciences 
or the biological sciences, but it should 
be noted that the physical sciences are 
more frequently emphasized than the bio- 
logical. 

Not all of the biological science courses 
include each of the four fields of biology 
Neither do all 
of the physical science courses encompass 
the four physical sciences. 
are rather narrow in scope. 


listed in the questionnaire. 


Some courses 
For example, 
some biology courses include only botany 
and zoology and a few physical science 
courses consist of chemistry and physics. 
Three physical science courses are largely 
in the earth sciences. 

Under the heading of “other physical 
science,” meteorology is usually indicated. 
“Other biological science” nearly always 
means psychology. 





INcLUDE MATERIAL FroM THE DIFFERENT 
4 4 a n 
ot = oT o 
AE 4g 8 8% 
=o ae Nn 2 Nv 
Ys a) —_ a) © = 
St Pi Ns = a " 
> > of = - 
E cs _ he = 
12 37 18 8 137 
13 3] 6 2 06 
13 35 8 4 86 
10 29 4 l 65 
7 16 2 l 31 
12 35 7 4 76 
2 9 2 l 18 
3 I 55 
1 o4 
1 14 
] 2 57 
1! 
in two respects. Modifications of single 


subjects in the physical science are more 
frequently offered for general education 
Only 
five of the 28 single subjects in this investi- 
gation are in the latter area. 

The number of physical science and bio- 


than are those of the biological area. 


logical science courses included in the Table 
is exactly the same—49 each. The second 
reason for the emphasis upon the divisions 
of physical science in the sources listed in 
the Table is that 
courses include physical science material. 


many of the biology 
Fourteen of the biological science courses 
deal with chemistry, ten with geology, and 
six with physics. It is evident that a num- 
ber of biology teachers stress the interrela- 
tionships among the sciences. 

$y totalling the percentages of each 
science included in each type of course, we 
can rank the various sciences in the order 
of emphasis (see Table 2). Physics is 
stressed most in the general courses and in 
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the physical sciences. Zoology and human 
biology receive the most attention in the 
biological science courses. 
TABLE 2 
Tue Sciences IncLupED IN Eacu TYPE OF 


Course Listep IN RANK ORDER OF 
EMPHASIS 


1. General courses 

e. Astronomy 
f. Geology 
g. Zoology 
h. Botany 


a. Physics 

b. Human biology 
c. General biology 
d. Chemistry 


bh 


Biological science (one semester ) 


a. Human biology d. General biology 


b. Zoology e. Chemistry 
c. Botany 

3. Biological science (one year) 
a. Zoology e. Chemistry 
b. Human biology f. Physics 
c. Botany g. Geology 


d. General biology 


> 


Physical science (one semester ) 
d. Geology 
e. Mathematics 


a. Physics 
b. Chemistry 
c. Astronomy 


5. Physical science (one year) 
a. Physics d. Astronomy 
b. Chemistry e. Mathematics 
c. Geology f. Other physical 


science 
SUBJECT-MATTER TOPICS 


It would serve no useful purpose to 
select certain topics and say that they con- 
stitute the ideal course in science for gen- 
eral education. Course content of necessity 
must vary with the local facilities, the needs 
and preparation of the students, the objec- 
tives to be gained, and the training of the 
instructor. Subject matter also must be 
different with the various methods of ap- 
proach. For a certain purpose, one topic 
may be superior to another. And yet, for 
another purpose, several topics may serve 
equally well. 

Inasmuch as many courses have been 
described in detail in the literature,’ there 
is no need to do so here. Of greater service 
to teachers will be some generalizations that 
can be made about the courses in the inves- 

1 Good sources of course descriptions are Mc- 
Grath’s Science in General Education and the 
various issues of two periodicals, Science Educa- 
tion and The Journal of General Education. 
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tigation. Also a list of the more frequently 
used topics may be of value. 

The courses, collectively, touch on nearly 
every possible topic of science. There is 
a strong tendency to break down the bar- 
riers o: the separate sciences and to treat 
the subject matter under general headings 
such as “Matter and Energy” and “Organ- 
isms Related to Human Welfare.” Many 
topics naturally apply to more than one 
field, for example, “The Molecular Theory” 
and “Principles of Genetics.” 

The- various methods of approach re- 
vealed in the study, namely the subject- 
matter survey, the study of selected prob- 
lems, the study of certain principles, and the 
historical treatment—make necessary con- 
siderable variation in the topics covered. 
There is much difference 
method. 


within each 

For example, a problems course may be 
based on a few basic problems, possibly 
five or six, or it may cover many small 
ones. A course based on principles may 
deal with few or many. The historical 
approach in some courses is a study of the 
chronological development of certain fields 
or principles. In other courses the history 
of various topics may be considered without 
regard to chronology. 

One point is noteworthy. There is 
apparently little attention to applied sci- 
ence. Courses seldom place emphasis on 
such applications of science as insect con- 
trol, gardening, illumination, communica- 
tion, or aviation. The tendency is to stress 
the facts and principles of science—the 
applications are incidental. It should not 
be assumed that the applications are seldom 
mentioned, but it is true that the major 
topics are not primarily concerned with 
them. This is just the opposite of a com- 
mon procedure in high-school science— 
that is, to build a course around certain 
areas of applied science. 

The General Courses. The general 
courses include an array of topics quite 
similar to those in the biological and physi- 
cal science courses. Most general courses 
are divided into periods of study on each 
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of the two areas. A number of general 
courses are divided into three parts, a term 
on the biological sciences, one on the physi- 
cal sciences, and another on the earth 
sciences. The general courses include ma- 
terials from geology and meteorology much 
more frequently than do the one-semester 
physical science courses. The material 
from geology most often covers the earth’s 
geological history and the forces at work 
on the surface of the earth. 

From astronomy, the general course 


‘takes various topics, but most frequently it 


covers the nature of the solar system. There 
is usually a quite complete coverage of the 
main topics of physics, while only a few 
from chemistry are stressed. The most 
common chemistry topics are chemical re- 
actions, the periodic table, and organic 
compounds. 

Few general courses cover specifically 
any part of botany or zoology. There is 
considerable emphasis upon certain biologi- 
cal topics, however. These include proto- 
plasm and cell structure, evolution, heredity 
in man, and the several physiological proc- 
esses in man. Practically all of the biology 
in the general courses is man-centered. 

The Biological Science Courses. These 
courses show considerable variation. Among 
teachers there is a marked difference of 
opinion concerning the best type for gen- 
eral education. Five types will be dis- 
cussed briefly. 

1. A common procedure is to make the 
biology course a survey of the plant king- 
dom and a survey of the animal kingdom. 
This type of course is essentially one-half 
botany, 
principles of biology are introduced in the 
study of type organisms. There is consid- 


one-half zoology. The various 


erable emphasis upon the classification of 
plants and animals and upon morphology. 
These courses have a dual purpose—to pre- 
pare for further work in biology and to 
provide for the general student. 

2. Some biology courses are organized 
around basic principles or processes such as 
photosynthesis, respiration, and reproduc- 


tion. These are illustrated by appropriate 
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examples from the plant and animal king- 
doms, with some attention to the processes 
as they apply to man. Only minor atten- 
tion is given to morphology and taxonomy. 

3. A number of courses are man-cen- 
tered. They are concerned with the bio- 
logical processes in man and deal with 
plants and animals only insofar as they are 
associated with man. In some of these 
courses much experimental work is being 
carried on for the purposes of course 
improvement. 

4. One course is different from any of 
the above. It is organized around several 
main topics, such as “Biological Energy 
Transformation” and “The Organism and 
the Environment.” To quote the author, 
“The course aims to provide a thorough and 
comprehensive dynamic 
activities of organisms and of their relation- 


analysis of the 


ship to each other and their environment.” 
The course is described as unprofessional 
in nature, but not superficial or easy. Em- 
phasis is placed upon a thorough under- 
standing of biological principles. Man is 
only one of a variety of organisms studied. 

5. Another course is based on a few 
selected problems, centered in such topics 
as the origin of life, reproduction, evolution, 
inheritance, and photosynthesis. Each 
problem with all its ramifications is ex- 
plored in detail. 

It is virtually impossible to secure an 
exact analysis of topics included in courses, 
because the outline of content for some is 
very brief and for others quite detailed. For 
example, several teachers reported only a 
“survey of the animal kingdom,” while 
others provided a complete account of each 
day’s work. If the information is meager, 
one is not justified in assuming that certain 
topics are either covered or omitted. 

The topics reported have been divided 
arbitrarily into three groups: (1) those 
topics included in a majority of courses and 
thus given “major emphasis,” (2) those 
included in more than two but less than 
one-half of the courses and thus given 
“moderate emphasis,” and (3) those found 
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in two courses or less and thus given 
“minor emphasis.” 

It should be pointed out that the division 
into groups is indicative only of the general 
trend in course content. A more complete 
reporting might change the position of some 
topics and add others to the lists. 

The topics given major emphasis in the 
biological science courses are listed in order 
of frequency in Table 3. Those given mod- 
erate emphasis are listed in Table 4. The 


TABLE 3 


Torics GivEN MAjor EMPHASIS IN COURSES IN 
BIoLoGicAL SCIENCE, IN ORDER OF FREQUENCY 


. Principles of genetics 

. Evolution 

. Protoplasm and the cell 

. Reproduction in man 

Foods and digestion 

Blood and circulation 

. Nervous.system and the senses 
. Excretion 

. Metabolism 

10. Endocrine system 

11. Health, diseases, and immunity 
12. Mitosis and meiosis 

13. Photosynthesis and respiration in plants 
14. Reproduction in plants 

15. General’ ecology 


TABLE 4 


Topics GIvEN. MopERATE EMPHASIS IN COURSES 
IN BrotocicAL ScrENcE, NOT 1N ORDER OF 
FREQUENCY 


CHONAMHRWNE 


. Tissues and organs 

. Conservation of natural resources 

. Scientific method 

. Human muscle system 

. Human skeletal system 

. Human behavior 

. Major groups of the plant kingdom 

. Vegetative parts of plants 

9. Identification and classification of plants 
10. Seeds and fruits 

11. Economic importance of plants 

12. Phyla of the animal kingdom 

13. Economic importance of animals 

14. Reproduction in animals 

15. Identification and classification of animals 
16. Emphasis on protozoa 

17. Emphasis on birds 

18. Anatomy of the frog 

19. Plant and animal parasites 


Cnaukh WNW 


latter are not arranged in order of fre- 
quency because of incomplete information. 
It is quite likely that many of the topics are 
included in more courses than the ones for 
which they were reported. 
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The topics given minor emphasis are not 
listed in a separate table, for many are 
quite indefinite. Typical ones are. good 
land use, interrelations of organisms, plant 
and animal behavior, growth, agriculture, 
fossils, and animal structure. 

The Physical Science Courses. These 
are not easily divided into types, although 
they show as much variation as the biologi- 
cal science courses. Several categories will 
be described, however. 

1. Many courses are combinations of two 
or more sciences, each studied separately. 
The following are examples : 

a. Chemistry and physics 

b. Geology and astronomy 

c. Chemistry, physics, and geology 

d. Chemistry, physics, and astronomy 
Various methods of approach are used in 
presenting these courses. 

2. Some courses are essentially a single 
science with only supplementary material 
from other sciences. One such is in physics 
and three are in earth science, with em- 
phasis upon geology. 

3. In many of the courses there is com- 
plete disregard for subject-matter lines. 
They are built around principles considered 
to be of importance in general education. 
In some instances the principles to be used 
were selected in a scientific study. 

4. Some courses are based upon prob- 
lems. The principles of the physical sci- 
ences are introduced in relationship to the 
problems. 
follows: 


One such course is described as 


A “problem,” in a field of science which has 
faced man in the past or confronts him today, 
is selected for careful consideration. If this 
is an historical problem which has been solved, 
the student is guided through a study of how 
it arose, the relevant facts, the various explana- 
tions proposed, how the final choice was made, 
in short, how science solved that problem. If 
it is a contemporary problem with a solution 
still in doubt, the student is given its background 
and brought up to date on its present state. 


5. One course is centered on a study of 
molecules and atoms. Exploration of this 
topic leads into many phases of physical 
science. 


6. Another course is a history of physical 
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science from ancient to modern times. 
Various principles are introduced in their 
historical setting. 

Physical science courses vary in their 
emphasis upon technical materials. Some 
include all of the laws, equations, and 
formulas usually found in pre-professional 
chemistry and physics. They may require 
a high degree of mathematical training as a 
prerequisite. Such courses cannot meet the 
needs for general education of many college 
youth. General education courses must 
accept all college students as they come, 
without discrimination. They must start at 
the level of the student and go as far as 
time and ability permit. A majority of 
physical science teachers realize this and 
either use little mathematics in their courses 
or include training in the particular mathe- 
matical abilities they consider necessary. 

The tabulation of topics in the physical 
sciences was complicated by the fact that 
frequently a topic was listed simply as 
“chemistry,” or “astronomy,” 
planation of the nature of the material. In 
this manner chemistry was listed for ten 
courses, astronomy for eight, and geology 


with no ex- 


and physics for seven each. 

The topics of physical science that are 
used in a majority of courses, exclusive of 
the general fields mentioned in the preced- 
ing paragraph, are listed in the order of 
emphasis in Table 5. 

Topics given moderate emphasis are 
listed in Table 6. They are not given in 
order of emphasis. Their frevuency varies 
but little, for nearly all are included in from 
five to eight courses. 

Topics given minor emphasis, i.e., those 
listed infrequently, include metals, meas- 
urement, engines, relativity, soils, and 
statistics. 

The Single Subjects. The single-subject 
courses in the study are too few and too 
variable to permit a tabulation of topics. 
The courses are in the fields of chemistry, 
physics, astronomy, geology, botany, zool- 
ogy, and the history of science. 

These courses are decidedly different 
from the pre-professional courses in the 
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same area. There is emphasis upon supply- 
ing useful information rather than trying to 
cover all phases of the science. Also, there 
is special attention to the historical develop- 
ment of the science, to problem-solving, and 
to imparting an understanding of science. 


TABLE 5 


Topics GivEN MAjyor EMPHASIS IN COURSES IN 
PHYSICAL SCIENCE, IN ORDER OF EMPHASIS 


Electricty 

Heat and energy 

Solar system 

Properties of matter 

. Atomic theory 

. Light 

. Force and motion 

. Chemical reactions 

9. Magnetism 

10. Stars 

11. Materials of the earth 

12. Forces that change the earth 
13. Geological history of the earth 
14. Acids and bases 

15. Periodic table 

16. Sound 

17. Radiation 

18. Organic compounds 

19. Oxidation and reduction 
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TABLE 6 
Topics GivEN MoperRATE EMPHASIS IN COURSES 
IN PuysicaL Science, NOT 1n ORpDER OF 
EMPHASIS 


. Silicon compounds 

e Colloids 

. Chemistry of air and water 

. Industrial applications of chemistry 
Elements and compounds 

6. Gravitation 

7. Atomic energy 

8. Electronics 

9. Work and machines 

10. Systems of measurement 

11. Principles of mathematics 

12. Moon 

13. Concepts of the universe 

14. Time 

15. Astronomical instruments 

16. Structure of the earth 

17. Weather and climate 

18. Early history of science 

19. Scientific method 


umn & why 


One teacher expresses a common view- 


point in this statement : 


A one-semester course in college for “non- 
science” majors should not be an abbreviated 
high-scool course, but something entirely different. 
Such people do not ‘need any great fund of 
technical detail or even of descriptive chemistry. 
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On the other hand, they will be benefited by 
knowing how science approaches problems, what 
sort of evidence it uses, the validity of its con- 
clusions, and its inherent limitations. 

Some of the single subjects are for non- 
majors only; others are designed primarily 
for these students but also enroll prospec- 
tive majors in the area. 


CHANGES IN CONTENT 

Most changes in course content, either 
contemplated or already accomplished, in- 
volved the substitution of one topic for 
another or a change in textbooks. There 
was no significant trend in these changes. 

Some important changes were made, 
however, that usually did not involve spe- 
cific topics. These will be listed in their 
order of prevalence. 

The most common change has been to 
reduce the number of topics and to give 
more intensive treatment to those used. 
This was reported for six courses. 

In four courses there has been an effort 
to effect a greater integration of the 
sciences. 

In three biology courses there has been 
greater emphasis upon the human being and 
less upon plants and animals. 

There have been other changes in one or 
two courses each. More emphasis was 
placed upon the method and philosophy of 
science. There was greater attention to an 
integration of science and religion. More 
historical material was used. There was 
more attention to science material related 
to human problems. One course was made 
more difficult. In another there was a re- 
duced emphasis upon applied science and 
more attention to definite concepts and 
principles. 


RECOMMENDATIONS CONCERNING SUBJECT 
MATTER 


There is as yet no “traditional” sub- 
ject matter for general education science 
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courses. There is no universal agreement 
that any specific topics are absolutely neces- 
sary, although some topics are included in 
most courses (see Tables 3 and 5). 

Before content can be chosen, course 
objectives must be determined that are in 
full agreement with the philosophy of gen- 
eral education and with the policies of the 
school. The content should be chosen in 
terms of the objectives. 

A large share of the subject matter in- 
cluded in a course should contribute to an 
understanding of science; it should con- 
tribute to the development of scientific atti- 
tudes, and either illustrate or give experi- 
ence in scientific thinking. But above all, 
the content must be gauged to the needs 
and interests of the particular group of 
students concerned. 

There should be no science merely for 
the sake of science. The content must not 
be designed to “cover the subject.” There 
is no need to include material for the pur- 
pose of amusing or amazing the students. 
The installation of awe is not a worthy aim. 

The selection of content should be related 
to the preliminary training of the students 
and to their general ability. This problem 
is made easier by the separation of students 
into ability groups. This is not a common 
procedure, but it is a desirable one. 

Somewhere in the general education pro- 
gram of each individual, he needs an op- 


‘portunity to study some material from each 


of the major branches of science—the physi- 
cal and biological. From the standpoint of 
the needs of the students for purposes of 
both individual and group living each branch 
can make unique and important contribu- 
tions. 

There is a need for research studies in 
the area of subject-matter content for 
general education science courses. Particu- 
larly should investigation be directed toward 
a determination of the long-term values to 
the student of various types of content. 
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GENERAL EDUCATION SCIENCE IN SOUTHERN ASSOCIATION 
JUNIOR AND SENIOR COLLEGES * 


LELAND LESLIE WILSON 


Eastern Kentucky State College, Richmond, Kentucky 


— the spring of 1951 the writer 
made a study of general education sci- 
ence courses in Southern Association Col- 
leges. A general education science course 
was defined, for the purpose of this study, 
as a science course which has as its major 
attitudes 
toward, and understandings of, science 
which are important in the education of 
all citizens regardless of their future voca- 
tion. The study deals principally with 


purpose the development of 


courses which cut across subject matter 
lines, called integrated courses, and to some 
extent with single-subject science courses 
designed specifically for general education. 
The data included in the study were gath- 
ered by means of three questionnaires, a 
checklist, a study of college catalogs, text- 
books and course syllabi, and by visits to 
nineteen colleges and universities offering 
general education science courses. The 
preliminary questionnaire was completed 
and returned by 97.4 per cent of all the 
234 colleges to which they were sent. The 
course data forms were completed for 110 
integrated courses in seventy-two colleges 
for a total of 80 per cent of the courses in 
84.5 per cent of the colleges having these 
courses. These forms were also completed 
for thirty-three single-subject courses in 
approximately 60 per cent of the colleges 
to which they were sent. The instructors’ 
checklist were completed by 100 teachers 
of integrated courses in senior colleges and 
twenty-three in junior colleges. They were 
also completed by eighteen teachers of sin- 
gle-subject courses in senior colleges and 
by thirteen in junior colleges. Question- 
naires on discontinued courses were re- 
turned for twelve courses or 80 per cent 
of fifteen such courses. 

*Presented at the Twenty-fifth Annual Meet- 
ing of The National Association for Research 


in Science Teaching, Congress Hotel, Chicago, 
Illinois, February 14, 1952. 
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EXTENT OF GENERAL EDUCATION SCIENCE 


Integrated science courses are being of- 
fered in 36.3 per cent of the Southern Asso- 
ciation Colleges. Seventy-six per cent of 
the teachers colleges have these courses 
while only 32.6 per cent of other senior 
colleges and 27.1 per cent of the junior 
colleges have them. The greatest growth in 
the establishment of integrated science 
courses has occurred since World War II. 
Fifty of the 110 courses included in this 
study have been established since 1945. 
In addition to these integrated courses, 
single-subject science courses designed for 
general education are being taught in 11 
per cent of the senior colleges and 12.8 per 
cent of the junior colleges not having inte- 
grated courses. Considering both types of 
courses, 47.8 per cent of the Southern As- 
sociation Colleges are teaching general edu- 
cation science courses of some type. 

Fourteen senior colleges and seven junior 
colleges in this group are definitely planning 
or considering the introduction of integrated 
science courses in the near future. Accord- 
ing to the deans of the institutions, senior 
colleges not offering general education sci- 
ence are about equally divided on the de- 
sirability of a new approach to science 
teaching in general education, but the junior 
college deans are definitely of the opinion 
that changes would be desirable. 


STATUS OF COURSE CREDITS 


Credits for general education science 
courses are not wholly accepted for trans- 
fer, or for meeting science requirements for 
graduation in Southern Association Col- 
leges. Eighty-five per cent of these colleges 
will accept such credits without question 
when transferred from an accredited college. 
Approximately nine per cent of tle senior 
colleges and five per cent of the junior col- 
leges will not accept them under any circum- 
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stances and the remaining ones will accept 
them under certain conditions only. These 
credits are less well accepted for meeting 
science requirements for graduation. Only 
about 50 per cent of the senior colleges 
and 66 per cent of the junior colleges having 
science requirements will allow such credits 
to be counted on these requirements with- 
out question. Approximately 34 per cent of 
the senior colleges and 17 per cent of the 
junior colleges will not allow these credits 
to count toward science requirements for 
graduation under any conditions and the 
remaining ones will allow them to count 
only under certain conditions. If general 
education science is to be developed ex- 
tensively, especially in junior colleges, the 
practices of accepting credits for them 
must be liberalized. 


DISCONTINUED COURSES 


A total of fifteen integrated science 
courses have been discontinued in Southern 
Association Colleges, as far as can be de- 
termined. The titles of these courses indi- 
cate that most of them covered both physi- 
cal and biological science. They were 
taught from one to fourteen years, with 
a mean of about six years. The principal 
reasons given for their abandonment were 
lack of interest by science faculties, adminis- 
trative difficulties connected with the trans- 
fer of credits, and widespread rejection oi 
these credits for meeting graduation re- 
quirements in science. 


TEXTBOOKS 
Basic textbooks are used in most of the 
The physical 
science courses have concentrated on eight 
different books of which The Physical Sci- 
ences by Cable, Getchell, and Kadesch is 
most popular. This book is followed in 
popularity by Man and His Physical Umni- 
verse by Jean, Herman, Harrah, and 
Power, Fundamentals of Physical Science 
by Krauskopf, The Study of the Physical 
World by Cheronis, Parsons, and Ronne- 
berg, Man’s Physical Universe by Bawden, 
and Man’s Physical Universe by Gray in 


integrated science courses. 
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the order named. Twenty different text- 
books are in use in biological science courses 
and no single one is clearly most popular. 
The leading texts in the order of frequency 
reported are General Biology by Mavor, 
Man and His Biological World by Jean, 
et al., Life Science by de Laubenfels, Bi- 
ology, The Human Approach by Villee and 
The World of Life by Pauli. Syllabi have 
been developed for integrated courses in 
23 per cent of the senior colleges having 
such courses, but no junior colleges have 
developed such syllabi. 


CoURSE ORGANIZATION AND CONTENT 

The general practice in the colleges offer- 
ing integrated courses is to have one course 
for the physical sciences and one for the 
biological sciences rather than to include 
all the sciences in one course. Only seven- 
teen of the 110 integrated courses in this 
study include both physical and biological 
science. Slightly over half these courses 
are a year in length and carry a credit of 
six semester hours. They are not generally 
required of all students, but non-science 
majors are strongly urged to take them 
in most colleges where they are offered. 
The credits for integrated science are not 
usually counted toward a science major. 

The most common description of the 
integrated science course organization is the 
general survey. Sixty per cent of the 
courses are of this type. The study of se- 
lected problems or the “block-and-gap”’ or- 
ganization is second with 18 per cent of 
the courses being of this type, and the 
historical study is least used with only one 
course of this type. Nineteen per cent of 
the courses are described as combinations 
of these three types. The leading areas of 
emphasis in the junior college courses, ac- 
cording to the teachers’ statements, are a 
general survey of facts, scientific attitudes, 
and basic laws and concepts in the order 
named. The courses in senior colleges em- 
phasize basic laws and concepts, scientific 
attitudes, and a general survey of facts in 
the order named. 


The teachers colleges 
differ from other four-year colleges in their 
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ranking of areas of emphasis in that they 
rank social implications higher and general 
survey of facts lower than do other senior 
colleges. 

The subject matter content of the physical 
science courses studied is approximately 
40 per cent physics, 25 per cent chemistry, 
20 per cent earth science, and 15 per cent 
astronomy. The biological science courses 
approximate 35 per cent human biology, 
35 per cent zoology, 20 per cent botany, 
and 10 per miscellaneous topics. 
Teachers of these courses that the 
course content is based upon such factors 


cent 
say 


as course objectives, needs of students, and 
instructor’s judgment rather than upon 
adherence to a textbook or upon established 
patterns of subject matter to be covered. 
Most of the integrated science courses in 
this study have been revised in the past 
five years, are now being revised, or are 
being studied for revision. They are keep- 
ing up with current developments in science 
to a considerable extent as indicated by the 
fact that over 75 per cent of them are 
devoting time to the study of atomic energy. 
Both junior and senior college courses rank 
basic theory first and social implications 
second among the phases of this topic 
which are emphasized. 
differ from other four-year colleges on this 
point in that they say they give greatest 
emphasis to social implications in their 
study of atomic energy. 


Teachers colleges 


TEACHERS 

Teachers completing the instructors’ 
checklists indicated the approximate amount 
of course work which they have had in 
each of twelve sciences. The sciences listed 
were astronomy, botany, chemistry, general 
biology, geology, history of science, human 
biology, mathematics, meteorology, physical 
geography, physics, and zoology. Forty- 
eight per cent of those completing the check- 
list have had some course work in six or 
less of these sciences and 52 per cent have 
had course work in seven or more. How- 
ever, only 36 per cent of them have had as 
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much as eleven semester hours in four or 
more sciences, and 58 per cent have had 
twenty or more hours of course work in 
only one or two of these sciences. 
Sixty-one per cent of the teachers making 
recommendations suggest course work in 
more sciences than they have had as prep- 
aration for teaching general education sci- 
ence. In their recommendations of mini- 
mum training for teachers in this field, the 
physical science teachers emphasize physics, 
chemistry, mathematics, geology, astron- 
oriy, and history of science. The teachers 
of biological science emphasize botany, zo- 
ology, chemistry, physics, geology, mathe- 
matics, general biology, and human biology. 
Most of the teachers of integrated sci- 
ence in this group were not employed pri- 
marily for that purpose and very few are 
devoting full time to it. Approximately 
50 per cent of them feel that professional 
disadvantage does not result from teaching 
in this field, 36 per cent feel that profes- 
sional disadvantage does result, and 14 
per cent are uncertain or have no opinion. 
Eighty-six per cent of the courses studied 
use a single teacher for each section and 
none of them use more than three teachers 
for any one section. About 74 per cent of 
the teachers commenting say that integrated 
science has a definite educational value for 
students in their institutions and a majority 
of those interviewed during personal visits 
to colleges were of this opinion also. 
Science instructors not teaching inte- 
grated courses react less favorably toward 
them than any other group in the opinion 
The 


writer gained the impression during visits 


of the instructors of these courses. 


to colleges that unfavorable reactions are 
due in part to honest doubts about the 
value or practicality of such courses, and 
in part to a desire to continue the status 
quo in science teaching. Interviews with 
many instructors indicated great diversity 
of opinion as to the purposes, and as to 
methods of achieving the purposes, of 
general education science. 
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TEACHING METHODS, OBJECTIVES, AND 
PROBLEMS 


The lecture is the most frequently used 
teaching procedure in these courses . fol- 
lowed by lecture-demonstration and group 
discussion. Individual laboratory work 
is used in less than half the courses. The 
lecture-demonstration is rated as the most 
valuable teaching procedure in these courses 
and oral reports by students are rated 
least valuable. Teachers in senior colleges 
other than teachers colleges rank individual 
laboratory work as the most valuable teach- 
ing procedure. Among the teaching aids, 
term papers are least used and are rated as 
having least value. 

Eleven possible objectives for general 
education science were selected from the 
literature and teachers of these courses were 
asked to rate them in order of importance 
for their courses. Opportunity was also 
given for the addition of major objectives 
not included in the list. The three major 
objectives of integrated science courses in 
the junior colleges are: (1) to develop 
appreciation of the social implications of 
science, (2) to promote a full personal life 
through a more complete understanding of 
the natural environment, and (3) to de- 
velop an understanding of the leading laws 
and concepts of science that affect the daily 
life of the individual. The senior college 
teachers say that their three major objec- 
tives are: (1) to develop an understanding 
of the leading laws and concepts of science 
that affect the daily life of the individual, 
(2) to promote a full personal life through 
a more complete understanding of the nat- 
ural environment, and (3) to develop the 
ability to think critically. The teachers of 
integrated science courses say that they are 
definitely not aiming at the development of 
laboratory skills, ability to read technical 
literature, or foundations for advanced 
work in science. 

The evaluation of student achievement 
in these courses is based almost. entirely 
upon tests of subject matter mastery. The 


tests used are largely objective in nature. 
Teachers seem to be interested in the prob- 
lem of evaluating the achievement of. aims 
other than the mastery of laws and princi- 
ples of science, but have not developed 
the means for such evaluation. 

The outstanding 
courses, 


problems of these 
as named by teachers, center 
around the lack of time to cover the sub- 
ject, poor backgrounds of students, selec- 
tion of course content, creating interest on 
the part of students, and overcoming a wide- 
spread fear of science as a “hard” subject. 
SINGLE-SUBJECT COURSES 

Considerable sentiment exists among 
these colleges for single-subject courses 
rather than integrated courses for general 
education in science. The single-subject 
courses included in this study, like the 
integrated courses, are not generally re- 
quired of all students and credits for them 
do not count toward science majors. Most 
of them are of the general survey type and 
they emphasize basic laws and concepts, 
scientific attitudes and scientific methods, 
according to the teachers. Course syllabi 
have not been developed to any considerable 
extent for these courses. They use indi- 
vidual laboratory work more than do the 
integrated courses and the instructors give 
it a higher value. The teachers of these 
courses rank the lecture as the most valu- 
able teaching procedure. They do not seem 
to be giving as much attention to course 
revision as do the teachers of integrated 
courses. The rankings of objectives by 
the teachers of the single-subject courses 
are very similar to those by teachers of inte- 
grated courses. 

The teachers of single-subject science 
courses have not had quite as broad training 
in science as have the teachers of integrated 
science in this study. None of them devotes 
full time to general education and, as a 
group, they feel less professional disad- 
vantage in teaching in a general education 
program than do teachers of integrated 
courses. 


[VoL. 36, No. 5 




















—_ 


‘¥ 


oan Ww — vu 


_ 


























DeEcEMBER, 1952] 


CoNCLUSION 

General education science is not firmly 
established in Southern Association Col- 
leges but there are indications of growth in 
the future. A changing concept of science 
teaching for general education among these 
colleges is indicated by the rapid increase 
in the number of general education science 
courses since World War II, the number of 
colleges planning to introduce courses soon, 
the experimentation with these courses 


which is being carried on in a substantial 


number of colleges, and the growing feeling 
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among college administrators, especially in 
junior colleges, that the traditional intro- 
ductory science courses are not adequate 
for all students. While there is no unan- 
imity as to the best method of teaching 
science in a general education program, in- 
creasing attention is being given to this 
problem along with such questions as the 
transfer of credits and the acceptance of 
credits in meeting science requirements for 
graduation which must be resolved before 
general education science courses are widely 
developed. 


A STUDY OF COMPETENCIES DESIRABLE FOR INSTRUCTORS 
OF COLLEGE GENERAL EDUCATION COURSES IN 
PHYSICAL SCIENCE * 


OrEN R. RANKIN 


University of Illinois, Urbana, Illinois 


HE Controversy Over General Edu- 

cation. Genera. education, in recent 
years, has become a focus for hope and 
controversy. For those who believe that 
the liberal arts college program is no 
longer liberal as a result of the increasing 
specialization in many of its departments, 
general education provides a hopeful out- 
look for a college program which will again 
turn out graduates with breadth of back- 
ground. For others, it presents a threat 
to rigorous and precise training which they 
feel that the student today must have if 
he is to meet the demands of modern civil- 
ization with its tremendous accumulation of 
knowledge in each of the fields. The latter 
see general courses as giving a smattering 
of ignorance and turning out students who 
cannot have an understanding of the funda- 
mental principles and concepts in any of 
the fields with which the general courses 
propose to deal. 

The proponents of general education 
contend that abbreviated treatments of the 
various specialty areas do not, of necessity, 

* Presented at the Twenty-fifth Annual Meet- 
ing of The National Association for Research in 


Science Teaching, Congress Hotel, Chicago, IIli- 
nois, February 14, 1952. 


become superficial. They contend, also, that 
it is only through such general courses 
that the student who does not expect to 
become a specialist in the field may get 
enough of an overview of the field to see 


its purpose and usefulness. They believe 


that these courses provide a better oppor- 
tunity for the student to see the ways in 
which the various branches of knowledge 
are related and how each serves a useful 
purpose in modern civilization. 

In this study no attempt is made to re- 
solve the controversy. In spite of the oppo- 
sition to general courses, the demand for 
them has resulted in their inclusion in the 
curricula of many of the colleges and uni- 
versities. This study begins with the ac- 
ceptance of a fact and the making of an 
assumption. The fact that general educa- 
tion courses are in existence in many of 
our colleges and universities is accepted 
and it is assumed that these courses may 
serve a useful purpose in our educational 
system provided the difficulties in their 
organization and staffing can be met satis- 
factorily and the instruction is effective. 

Problems Involved In Staffing General 
Education Courses. Almost all of the 








298 ScIENCE EDUCATION 


studies in the field of general education 
have been concerned with showing the 
need for, or determining the content and 
organization of, general courses. Efforts 
in these areas have been very fruitful in 
producing a variety of courses with a wide 
range in organization and objectives. How- 
ever, in spite of the great interest in general 
education little, if any, efiort has been di- 
rected toward the problem of, determining 
the competencies needed by those who as- 
sume the responsibility of teaching the 
courses at the college level. 

The selection of persons to teach college 
courses of a broad or general nature seems 
to present certain peculiar problems. Should 
the courses be taught by a group of in- 
structors, each a specialist in one of the 
areas covered by the course? Should an 
attempt be made to select instructors who 
have a broad background and are able to 
deal with the several areas of the course? 
Should universities be asked to provide 
graduate training of a more general nature 
for those who expect to teach courses in 
general education? There has been a seri- 
ous lack of information concerning these 
and many other questions centering around 
the training and selection of personnel to 
staff the general education departments of 
colleges and universities. 

The selection of instructional personnel 
for general education has of necessity been 
confined to the products of the system whose 
limitations created the need for courses de- 
signed to provide more breadth of educa- 
tional experience. The accumulation of 
knowledge in each field and the organization 
of our society on a specialty basis has pro- 
duced in our colleges and universities an 
organization at both the undergraduate 
and graduate levels which concerns itself 
with the production of specialists. Our 
society cannot function on its present basis 
without specialists. It does not follow, 
however, that the only courses offered in 
our colleges must be courses for specialists: 
It may be possible that all candidates for 
advanced degrees do not of necessity need 
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to be channeled through a system designed 
to produce specialists. If there is a need 
for these courses designed for the non- 
specialist, it may be possible that the teach- 
ing of such courses requires competencies 
somewhat different from those best suited to 
the turning out of specialists. 

The Need For A Study Of Desirable 
Instructor Competencies. If general edu- 
cation is to be given a fair trial it seems 
essential to attempt to provide teachers 
with the competencies desirable for achiev- 
ing the aims of the courses. The first step 
in this direction, of necessity, involves an 
attempt to determine those competencies 
which seem desirable. No completely ade- 
quate answers can be obtained at this time 
but perhaps answers based on the experi- 
ence of those engaged in the teaching of 
general education courses can provide a 
beginning. 

Although few, if any, studies have been 
made of the competencies which are needed 
by college teachers many have commented 
upon the inadequacies of the undergraduate 
and graduate training of teachers. The 
President’s Commission on Higher Educa- 
tion makes the following comment on 
graduate education: “It is in the prepara- 
tion of college teachers that the graduate- 
school program is seriously inadequate. 
Its single-minded emphasis on the research 
tradition and its purpose of forcing all its 
students into the mold of a narrow special- 
ism do not produce college teachers of the 
kind we urgently need.” ? 

In an editorial in The Journal of General 
Education, Earl J. McGrath comments: 


“Many persons during the past quarter century 
have pointed out the most glaring inadequacies 
in the education of college teachers. . . . But 
until now these statements, however forceful, 
pointed, and deprecatory, have apparently been 
little more than literary exercises, for educational 
programs for college teachers have been un- 
affected. 

“Now, however, new forces are focusing atten- 


1 President’s Commission on Higher Education 
Higher Education For American Democracy, 
Vol. I, p. 89, U. S. Government Printing Office, 
Washington 25, D. C., 1947. 
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tion on the need for an educational program 
for those who expect to devote their lives to 
teaching college students. The most powerful 
of these forces is the demand for teachers capa- 
ble of giving instruction to undergraduate students 
in the various areas of general education.” 2 

Herrick, in a discussion of the effects 
of the departmentalization of knowledge, 
says: “Another bad effect of this depart- 
mentalization of knowledge, perhaps the 
worst effect, is felt among the students, who 
are going to be the dispensers of knowledge 
in the next generation.” * 


Sidney J. French used the following as 
his opening sentences in an article on “Edu- 
cating the College Teacher of Science”: 
“There is something wrong with the gradu- 
ate training of prospective college teachers 
of Science! Such a statement comes as no 
shock to anyone, least of all faculties of 
science.” # 


In a list of suggestions for research in 
science teaching Stickler writes: “First, 
what should be the character of the train- 
ing for the teacher who is to teach in the 
area of science in general education, par- 
ticularly at the college level.” ® 

Bullington in “A Study of College Sci- 
ence Courses Designed for General Educa- 
tion” says: “The rapid increase in the 
number of general education science courses 
and the demand for teachers broadly pre- 
pared in science and experienced in the 
techniques of teaching are a mandate to 


the graduate schools to produce such teach- 
ers.” & 

2Earl J. McGrath, “The Education of College 
Teachers,” The Journal of General Education, 
Vol. III, No. II, January 1949, p. 84. 

8 Marvin T. Herrick, “The Departmentalization 
of Knowledge,” American Association of Uni- 
versity Professors Bulletin, Autumn 1950, Vol. 36, 
No. 3, p. 467. 

4 Sidney J. French, “Educating the College 
Teacher of Science,” The Journal of General 
Education, Vol. III, No. II, January 1949, p. 87. 

5 Hugh W. Stickler, “Research in Science 
Teaching,” Science Education, XXXI, (October 
1947), p. 228. 

6 Robert A. Bullington, A Study of College 
Science Courses Designed for General Education, 
Unpublished Doctoral Dissertation, Northwestern 
University, 1949, p. 257. 
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The above considerations, plus the per- 
sonal experiences of some of the staff of 
the Division of General Studies at the Uni- 
versity of Illinois, are the starting point 
for the present study. The administration 
of the division has experienced difficulties 
in the selection of instructors for the vari- 
ous courses and contacts with other colleges 
and universities have indicated that they 
are also experiencing the same difficulties. 
The teachers in the various courses have 
found their training and experience often 
inadequate for the demands which the 
broader courses place upon them. Often 
the instructor has found that he lacks the 
breadth which the course organization as- 
sumes is desirable for the student to acquire. 

Several graduate students who have in- 
dicated an interest in preparing to teach 
general education courses have found it 
virtually impossible under the present set-up 
of the graduate school to pursue a program 
which they feel has possibilities of pro- 
viding the breadth of background necessary 
to cope with the areas of one of the general 
education courses. 

The Nature of the Study. Because of 
the conditions previously enumerated it 
seemed desirable to make a_ beginning 
towards accumulating evidence regarding 
the kinds of competencies which are de- 
sirable for instructors in general education 
courses. The following pages explain tie 
method and give the results of an attempt to 
collect the opinions of people who have 
been concerned with the administration and 
teaching of physical science courses de- 
Because of 
the size of the task and the interest of the 
responsible for the study it 
was deemed necessary to limit the study 


signed for general education. 
individual 


to the area of one course, the physical sci- 
ences. It is obvious that there are many 
competencies which would be common to 
all areas of teaching. The study will have 
particular significance to the extent that it 
discloses whether or not there are compe- 


tencies required in teaching a college course 
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in physical science designed for general 
educational purposes which are not likely 
to be developed through pursuing the 
graduate programs designed for those who 
propose to become specialists in areas of 
physical science. 

The Method of Attack. The selection of 
a method of attack on the problem presented 
many difficulties. Personal contact with 
administrators of, and instructors in col- 
lege general education physical science 
courses would entail much time and would 
still include only a limited number of insti- 
tutions and persons. Written communica- 
tion would involve a number of limitations 
but would provide the possibility of more 
complete coverage. Because it seemed de- 
sirable to have data from as many institu- 
tions and persons as possible, it was decided 
to make use of questionnaire method. Two 
forms of the questionnaire were used, one 
to be filled out by the administrator and the 
other by the instructor. 

The Distribution of Schools. An attempt 
was made to secure answers from colleges 
and universities which would be repre- 
sentative in terms of geographical location, 
enrollment, and types of offering. An 
analysis of the questionnaires returned 
shows that all major geographical regions 
of the United States are represented. A 
total of 496 usable questionnaires was re- 
turned from 42 states, the District of Co- 
lumbia, and Puerto Rico. There were 148 
Administrator’s Forms and 348 Instructor’s 
Forms returned from 184 schools.7_ Prac- 
tically all sizes of schools were represented 
in the returns and these schools were rea- 
sonably representative in terms of level and 
type of offering. 

Objectives of Physical Science in General 
Education. The list of objectives for 
physical science in general education used 
in this study was used with the knowledge 
that it contains many of the faults common 
to stated objectives. Its use, however, 


7An Administrator's Form and one or more 
Instructor’s Forms were mailed to each of 655 
schools. 
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seemed justified on the grounds that it 
contained statements which are in general 
use and that it provided a basis for de- 
termining the general purposes which in- 
structors and administrators attempt to 
achieve. The statements of objectives used 
in the list were compiled largely from those 
found in Science in General Education.® 
It was hoped that an analysis of the goals 
selected as important by the people who 
responded to the questionnaire would pro- 
vide some basis for determining the com- 
petencies needed by instructors of college 
physical science courses designed for general 
education. The list of fifteen goals or 
objectives appeared in both the adminis- 
trator’s and the instructor’s form of the 
questionnaire. The respondents were asked 
to rate each of the statements under one 
of the following five categories: essential, 
very important, important, of little impor- 
tance, and not important. In summarizing 
the ratings, as shown in Table 1, number 
values were assigned to each of the cate- 
gories. An essential rating was assigned 
a number value of 5 and each lower classi- 
fication was assigned a smaller number 
value so that the lowest or “not important” 
rating was given a value of 1. Table 1 
shows the mean ratings established by the 
administrators and the mean ratings es- 
tablished by the instructors for the fifteen 
objectives. 

The administrators were divided into two 
groups on the basis of the type of ad- 
ministrative position which they held and 
the instructors were divided into seven 
groups on the basis of their college prepara- 
tion. The responses of these various groups 
were tabulated separately as a means of 
determining to what extent training or 
experience made a difference in their evalua- 
tions. Although there was some difference 
made in the rank order of the objectives by 
the various groups, all groups tended to 


8Earl J. McGrath, ed., Science in General 
Education, Wm. C. Brown Company, Dubuque, 
Iowa, 1948. 
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TABLE 1 


RATING oF GOALS oR OBJECTIVES BY ADMINISTRATORS AND INSTRUCTORS 


Mean Rating 


Goals or Objectives Admin. Instr. 
1. To help the student to understand as many of the laws, theories and 
methods of the physical sciences as the time will permit. 3.38 3.26 
2. To help the student build for himself a unified picture of the universe 
as conceived by modern science. 3.96 4.00 
3. To introduce the student to a selected group of concepts which are 
most useful in explaining the major phenomena of the physical universe. 3.90 3.76 
4.To acquaint the student with the nature of scientific inquiry. 4.14 3.99 
5. To develop in the student the ability to deal with scientific problems. 3.06 2.93 
6. To develop in the student the ability to apply scientific method to the 
everyday problems of life. 3.86 3.50 
7. To give the student experience in accurate and critical thinking and 
jolt him out of his habit of authoritarian learning. 4.13 4.16 
8. To acquaint the student with the role of science in society in order 
to fit him for intelligent responses to the social problems which center 
around the progress of science. 4.13 3.96 
9. To help the student read intelligently and critically scientific informa- 
tion intended for the layman. 3.88 3.80 
10. To acquaint the student with the important sources of basic reference 
material in the physical sciences. 2.76 2.58 


11. To increase the student’s enjoyment of life through a better under- 

standing of natural phenomena. 3.81 3.61 
12. To locate and encourage promising students of science. 2.56 2.77 
13.To help the student become more proficient in getting information 

relating to problems or areas of interest from science publications 

commonly available to the general public. 2.94 2.88 
14. To increase the student’s understanding of the principles involved in 

the gadgets, appliances and machines which he must use in modern 

living . 2.83 2.79 
15.To prepare the student for more advanced courses in the physical 

sciences. 1.80 1.87 





choose the same goals to rate high in im- 
portance and the same ones to rate low in 
importance. 

Types of College General Education 
Courses in Physical Science. As a basis for 
looking at instructor competence in terms 
of the types of courses which instructors 
are most frequently called upon to teach, 
information was sought in this study con- 
cerning the most favored type of physical 
science course for general education. The 
administrators and instructors contacted 
in the survey were asked to rank five general 
types of courses in the order of their prefer- 
ence. The five course descriptions did not 
include all possible or even all existing 
types and there are probably few courses 
in existence which could be satisfactorily 
classified as belonging entirely to one type. 


The five descriptions represent general ap- 


proaches to course construction and organi- 
zation and as such should be useful gauges 
of the general philosophy held by the people 
responsible for the courses. A preference 
was shown by both the administrators and 
the instructors for a type of course which 
might be characterized as a 
tions” course. 


of 


“Generaliza- 
The “Field Covering” type 
in the of 
people ranking it as first choice. The rank- 
ing of the five types of courses by the ad- 


course was second number 


ministrators and the instructors is shown 
in Table 2. The mean ratings are based 
on an assignment of a value of 5 to first 
choice and a value of 1 to fifth choice. This 
means that the item with the highest mean 
rating was preferred by more of the re- 
spondents. 

The Training and Experience of the 348 
Instructors. About thirty-seven percent of 
the 348 instructors who supplied informa- 
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TABLE 2 
RANKING oF Five Types or GENERAL EpucaTION Courses 1N Puysicat SCIENCE 
Mean Rank 

Types of Courses Admin. Instr. 
1. A course or courses designed to cover, as extensively as the time will c 
permit, the laws, theories and methods of the physical sciences. 3.ae 3.49 t! 
2.A course or courses designed to illustrate the general methods of , 
science through the use of selected case histories. 3.04 3.03 & 
3. A course or courses which make no attempt to cover the field of Ss: 
physical science but propose rather to provide deeper penetration and St 
more critical analysis of the generalizations and principles which are ti 

most useful in explaining the major phenomena of the external world. 3.94 3.82 
4. A course or courses in which content and procedures are selected for oO 
their value in providing experience in dealing with social and personal a 
problems such as: health, conservation, selection of consumer goods, it 

choice of recreational activities and development of esthetic enjoyment. 2.78 2.38 
5.A course or courses, highly individualized, designed to allow students q 
to explore areas of their own choosing with sufficient guidance and 1r 
direction from the instructor to stimulate and encourage careful a 
analysis and critical thinking. 2.18 2.41 ‘ 
Cc 
’ ; : . ‘ ‘ tc 
tion for this study reported major concen- what extent instructors with various back- si 
tration in the field of chemistry. About grounds differed in their responses. Six ; 
% . . e 
one-fourth of the group were physics ma- of the seven groups were paired groups at 
jors. Eighty-three percent of the instruc- and the seventh was composed of all in- a 
tors reported having training in four or  structors with broader training. The com- as 
more fields of science. About thirty-five position of the seven groups is as indicated ‘ 

. 2 V 
percent of the group reported having not in Table 3. in 
more than twelve semester hours of work 
mre en TABLE.3 to 
in any one of seven selected areas outside 

‘ , Tue Seven Groups or INSTRUCTORS w 
tlie field of science. However, some degree P 
of breadth of training in these seven areas Group I is composed of those who reported having 
oh ba one ’ college training in five or six areas of science. tr 
was indicated by 205 of the instructors who ; : 
~ : ; Group II of instructors is composed of those who or 
reported having some work in at least reported having college training in less than pe 
five of the seven areas. A major portion five areas of science. 
of the instructors, 207, reported some train- Group III is composed of those who reported 
3 : i having college training in five or more ¢ an 
ing in both psychology and principles and ‘ . oo me in five or more of the 
ei, S- : ollowing areas: history; English grammar th 
methods of instruction. About sixty-one and rhetoric; speech; philosophy; sociology ; aa 
percent of the groups reported previous art, music and literature; foreign languages. . 
, : es : : , im 
teaching experience in one of the specialized Group IV is composed of those who reported 
mit tok hie cleviicdl cteiiie. Sadiitieae having college training in less than five of the thi 
ee a ee eee eres a a ae following areas: history; English grammar pl: 
of the instructors recorded experience in and rhetoric; speech; philosophy; sociology; 
teaching at the high school level. About art, music and literature; foreign languages. pi 
, er : Tr: a es “ sta 
sixty-seven percent indicated having taught Group V is composed of those who reported hav- 
f dé ‘od of fi A . ing college training in both psychology and we 
c 7 7 } - . . . . 
or a period Of five years or oe Approx! principles and methods of instruction. to 
mately eighty percent of the instructors re- Group VI is composed of those who reported pe 
ported having taught college courses in having no college training in psychology or ; 
. . . Lf ° *. . Scl 
physical science designed for general educa- principles and methods of instruction and of 
Ws Be Rae , those who reported having training in only lan 
tion tor five years or less. one of these areas. ai 
. r ” , > . +s 
The instructor’s reports of their college Group VII is composed of those who reported , 
preparation was used as a basis for dividing having college training in five or six areas of nie 
them into groups. Seven groups were es- science and training in both psychology and the 
‘ ute principles and methods of instruction and lev 
tablished for the purpose of determining to training in five or more of the following areas: 
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history ; English grammar and rhetoric ; speech ; 
philosophy ; sociology ; art, music and literature ; 
foreign languages. 


What Competencies Are Desirable? The 
chief purpose of this study was to obtain 
the opinions of experienced instructors re- 
garding the competencies which they con- 
sidered desirable in those who teach physical 
science courses designed for general educa- 
tion at the college level. To obtain these 
opinions the instructors were asked to rate 
a list of thirty statements of competencies 
included in the Instructor’s Form of the 
questionnaire. These statements were for- 
mulated from information obtained from 
a number of sources. Many were attempts 
to translate objectives into implied instruc- 
tor activities. Others grew out of discus- 
sions with people concerned with the prob- 
lem of obtaining instructional personnel to 
staff the physical science departments in 
college programs of general education. No 
attempt was made to compile a list which 
would include all of the activities in which 
instructors may engage. The purpose was 
to make the list include statements which 
would provide opportunity for expression 
of opinions which would reflect general 
trends of thinking about the types of skills 
or competencies which instructors should 
possess. 

Very high agreement was evidenced 
among the various groups of instructors in 
their rating of the competencies which were 
most important and those which were less 
important. All groups seemed to believe 
that instructors should first be able to ex- 
plain the basic facts, concepts, theories and 
laws of the physical sciences in terms under- 
standable to non-science majors. All groups 
were in agreement that competencies limited 
to one area of the physical sciences are not 
satisfactory and that the ability to read 
scientific publications in one or more foreign 
languages is of doubtful value in teaching 
physical science courses designed for general 
education. There was also agreement that 
the ability to direct research at the graduate 
level in a specialized area of physical science 
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is of doubtful value for the instructor in 
general education. 

Some differences of opinion existed con- 
cerning the relative importance of some 
of the items which fell between the extremes 
of importance. Groups V and VII differed 
most widely from the others in their ratings 
of some of the items. These two groups 
tended to rate somewhat higher than did 
some of the other groups those items which 
implied the need on the part of the instruc- 
tor for competencies in the areas of the 
social studies. In general, all groups seemed 
to be of the opinion that the teaching of 
physical science courses designed for gen- 
eral education requires a rather wide range 
of competencies. The list of thirty com- 
petencies and the mean ratings established 
for each by the total group of instructors 
is shown in Table 4. The mean ratings 
are based on a five point scale with 5 the 
highest and 1 the lowest possible rating. « 

What Types of Training Should Instruc- 
tors Have? 


study to obtain opinions concerning what 


An attempt was made in this 


needs to be done, if anything, to provide 
experiences which produce competencies of 
the type desirable for instruction in physical 
science courses designed for general edu- 
cation. It seemed proper to first determine 
whether the present graduate programs 
appeared adequate for the purpose. The 
administrators were asked, “Do you find 
the products of the conventional graduate 
training programs satisfactory as teachers 
of college general education courses in 
physical science?” The answers were pre- 
dominantly negative. Of the one hundred 
forty-eight administrators who returned 
questionnaires, one hundred two answered 
“no” to this question, twenty-six answered 
“ves,” seven qualified their answer in some 
way and thirteen did not answer the ques- 
tion. 

The administrators were also asked to 
respond to the question: “Do you believe 
that training programs at the graduate level 
emphasizing broader learning for prospec- 
tive instructors of general education courses 
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TABLE 4 


Mean Ratincs ESTABLISHED FOR THIRTY STATEMENTS OF INSTRUCTOR COMPETENCE BY 348 
INsTRUCTORS OF COLLEGE GENERAL EpucATION CoURSES IN PHYSICAL SCIENCE 


Mean 
Competence Rating 
The ability to— 

1.Do research in a field of physical 
science. 2.68 

2. Explain the basic facts, concepts, the- 
ories and laws of physical science. 4.46 

3. Serve as a moderator, guide and lis- 
tener. 3.42 

4. Help students to understand technical 
reports of scientific investigations. 2.31 


wm 


. Create in students an interest in the 
great men of science and_ their 
methods and achievements. S.a7 
. Present all facets of an idea in science 
and develop it to its most valuable 
level ‘ by considering its literary, ar- 
tistic, social and economic as well as 
its scientific implications. 3.16 
7. Employ techniques and arrange content 
in a manner to insure student partici- 
pation. 4.00 
8. Help students understand the historical 
background for the major science 
concepts. 3.18 
9. Explain science concepts in terms un- 
derstandable to non-science majors. 4.46 
10. Help students find information con- 
cerning problems of interest to them. 
11. Help students apply scientific principles 
and methods to everyday problems. 3.51 
12. Devise and use effectively appropriate 
demonstrations of scientific princi- 
ples. 4.07 
13. Relate the various fields of science to 


an 


~ 


. 


we 
w 
N 


each other. 4.04 
14. Communicate with and command the 
respect of reputable men of science. 2.59 


15. Prepare and deliver lectures. 3.58 
16. Help students discuss and evaluate the 
application of scientific principles and 
in the physical sciences would be desirable ?”’ 
In response to this question one hundred 
twenty-seven answered “yes,” ten answered 
“no,” three gave a qualified answer and 
eight did not answer the question. 

In answer to the question: “Is such 
graduate training offered at your institu- 
tion?” ten said “yes,” one hundred thirty- 
and seven did not answer. 


‘ 


one said “no,” 
There were eight administrators who said 
that such training was being contemplated. 

An attempt was made to determine the 
extent to which the type of training which 
the instructors had received was reflected 
in the ratings accorded them by the ad- 


Mean 


Competence Rating 


The ability to— 

methods to social and economic prob- 

lems. 3.43 
17. Guide students in the study of selected 

case histories of scientific investiga- 


tions. 2.78 
18. Construct suitable instruments for 

measuring student achievement. 3.12 
19. Direct research at the graduate level in 


a specialized area of physical science. 1.93 
20. Teach students how to locate and use 

reference materials in getting infor- 

mation about science problems of in- 


terest to them. 3.15 
21. Teach students how to investigate 
problems in science. 2.86 


22. Teach appreciation for scientific re- 
search and its role in the past de- 
velopment and present improvement 


of society. 3.66 
23. Apply psychological principles to the 
teaching of science. 3.35 


24. Teach critical evaluation of data of- 

fered in support of a generalization. 3.79 
25. Stimulate in students an interest in sci- 

ence which will last beyond the col- 


lege years. 3.97 
26. Read scientific publications in one or 

more foreign languages. 1.75 
27. Locate and encourage promising stu- 

dents of science. 2.93 


ed 


. Teach students the use of laboratory 

materials and methods appropriate to 

the physical sciences. 2.91 
.Give students adequate instruction in 

only one area of the physical sciences. 1.72 
. Give adequate instruction in all areas 

of the physical sciences. 3.66 


4 
v= 


3 


a) 


ministrators. There was a slight tendency 
for the administrators to rate instructors 
who have received broader training as be- 
ing more capable of achieving the goals of 
physical science in general education. 

In order to get an idea of the general 
dimensions of the training which would be 
considered desirable for instructors of 
general education courses in the physical sci- 
ences a list of seven rather general state- 
ments was included in both the adminis- 
trator’s and the instructor’s form of the 


questionnaire. The administrators and in- 


structors were asked to rank the seven 
types of training in the order of their prefer- 
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ence. The various groups of administra- 
tors and instructors were in general agree- 
ment that specialization in one area of 
science is not satisfactory as a type of 
training for instructors who are to teach 
physical science courses in general educa- 
tion. Only one administrator and seven 
instructors favored narrow specialization 
strongly enough to give it as their first 
choice. Differences of opinion existed as 
to how broad the training should be and 
as to what elements should be included. 
Fifteen administrators and thirty-one _§in- 
structors rated as first choice a type of 
training in which no specialization would 


exist. A few instructors were so strongly 
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As opportunity for a type of training to 
be written in was provided in this section 
of the questionnaire, it was possible for 
an item to be ranked in eighth place. A 
number value of one was assigned to an 
item listed in first place, a number value of 
two to an item ranked in second place, etc. 

Recommendations. If graduate schools 
are to be interested in the problem of chang- 
ing their program to conform to the needs 
of teachers of general education courses 
there must be further studies made to de- 
termine the needs of teachers in the other 
areas of general education. Further work 
must also be done to determine more ex- 
actly the elements which function best in 


TABLE 5 
MEAN RANKS ESTABLISHED FOR SEVEN TYPES OF TRAINING BY ADMINISTRATORS AND INSTRUCTORS 


Mean Rank 


Type of Training Admin. Instr. 
1. Specialization in one area of the physical sciences. 5.72 5.31 

2. Specialization in one area of the physical sciences with some training 
in other areas of the physical sciences. 3.35 2.79 

3. Training in all areas of the physical sciences without specialization 
in any of the areas. 3.70 3.77 

4. Training in both the physical and biological sciences without specializa- 
tion in any one area. 4.28 4.28 

5. Specialization in one area of the physical sciences with some training 
in psychology and methods of instruction. 4.15 4.17 

6. Broad training in the physical sciences and some training in psychology 
and priaciples and methods of instruction. 2.73 3.28 

7. Broad training in both the physical and biological sciences and some 
training in psychology and principles and methods of teaching. 3.18 3.68 


opposed to including psychology and princi- 
ples and methods of instruction in the 
training of the instructor that they wrote 
in responses in objection to this being con- 
sidered as a part of the-training program 
for instructors of science in general educa- 
tion. However, seventy-three administra- 
tors and one hundred and twenty-nine in- 
structors indicated as first choice types of 
training which included these areas. Forty- 
seven administrators and eighty-five in- 
structors listed as first choice types of 
training which included biological science. 

T:.ble 5 gives the seven types of training 
listeu in the questionnaires and the mean 
ranks given them by administrators and by 
instructurs. The number values given the 
highest and lowest ranks of the items are 
reversed to those used in previous tables. 


providing competencies of the type needed 
by instructors of physical science in general 
education. However, it seems possible on 
the basis of the data and opinions collected 
in this study to project, at least as an hy- 
pothesis, a general plan for graduate train- 
ing of prospective instructors of physical 
First, the 
supervision and direction of the training 


science in general education. 


should be in the hands of those who <are 
concerned with general education and not 
controlled by the specialists of the uni- 
versity offering the graduate training. 
Second, the candidates for training should 
be carefully screened and selected on the 
basis of general breadth of preparation’ at 
the undergraduate level as well as scholar- 
ship. Third, the program of training should 


provide for broad training in the sciences 
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with some degree of specialization in one 
area which would include experience in 
research. Fourth, some training in psy- 
chology and principles and methods of in- 
struction should be provided. Some of this 
training should be in the form of actual 
courses but much of it could be achieved 
in non-credit seminars conducted jointly by 
staff members from science education and 
general education physical science. Fifth, 
because of the need for breadth of training 
it seems likely that the third year of grad- 
uate training should be devoted to course 
work and that the research which usually 
comprises the third year should be done in 
addition to this course work and at the same 
time that the third year of course work is 
being done. Sixth, in the opinion of the 
writer, the research and paper growing out 
of it should be concerned with the problems 
involved in teaching physical science in 
general education. 

Studies directed toward the analysis of 
the conventional graduate training of in- 
structors for the specialized areas of the 
sciences might well be of value. The 
increasing frequency of comments such as 
the following: “There is something wrong 
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with the graduate training of prospective 
college teachers of science’® indicate a 
need for such studies. 

Summary. If the hopes of those con- 
cerned with developing adequate programs 
of general education are to be realized and 
the fears of the critics of the program are to 
be expelled, increasing attention must be di- 
rected toward the training of teachers in a 
manner to develop those competencies which 
are desirable to achieve the goals of general 
education. The opinions of the instructors 
and administrators who cooperated in this 
study seem to indicate a need for broader 
learning at the graduate level for those 
who are preparing to teach physical science 
in college general education. These opin- 
ions also indicate a need for more training 
in how to teach. Further studies are needed 
to determine more exactly the elements of 
a desirable graduate program for teachers 
of physical science in general education and 
teachers in other areas of general education. 
Studies of this type might well be made to 
determine the extent to which the present 
graduate program serves the needs of the 
teachers in the specialized areas of college 
training. 


BOOK REVIEWS 


Hurp, ArcHer W. (Editor). Social Illness 
and Immaturity. Richmond, Virginia: Bureau 
of Educational Research and Service, Medi- 
cal College of Virginia, 1952-. 39 p. 


The papers included in this booklet were sub- 
mitted by members of the Psychology Section 
of the Virginia Academy of Science meeting 
at Old Point Comfort. Five of the ten papers 
are annonymous. Titles are: Man’s Control 
ot Culture and Social Health; Social Ills and 
Personality Maladjustment; Social Stigmata— 
Is it justified?; Parental Attitudes as an Adverse 
Influence of Personality Adjustment; Our Atti- 
tudes Toward Mental Deficiency—A Weak 
Limb in Our Social Structure; What about 
Our Sick Society?; Psychological and Socio- 
logical Considerations Regarding the Role of 
Personal Motivation in the Lives of Individuals; 
The Fourth Category of Personality Needs: The 
Student and Democracy in Professional Educa- 
tion; Individual Personality and Social Health 
and Welfare. 


Hurp, ArcHer W. Evaluating Student Success 
in Medical Education. Richmond, Virginia: 
Bureau of Educational Research and Service, 
Medical College of Virginia, 1951. 69 p. 


This is the third study reported by Dr. Hurd 
in this area. The two previous studies have 
been reported in Science Education. These 
studies are investigations revolving around the 
problems of success and failure of medical stu- 
dents in the Medical Colleze of Virginia. The 
studies have implications for Medical educa- 
tion generally and for all professional education 
as well. Evaluations of aptitude and achieve- 
ment are emphasized here—selecting, grading, 
testing. 

The author lists the following abilities, char- 
acters, or qualities likely to make a person 
successful in medicine: (1) ability to evaluate 
a personality, (2) desire to help people, (3) 
understanding of disease conditions, (4) wunder- 
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standing of abnormalities, (5) clear insight into 
conditions of healthful living, (6) magnanimity, 
(7) understanding of relations of cause and 


effect, (8) desire to lead the good life, (9) 
desire to make new contributions to present 
knowledge, (10) general unselfishness, (11) 
ability to follow a carefully-planned program 


of action, (12) ability to think for one’s self, 
(13) kindness, (14) firmness, (15) ability to 
inspire confidence on the part of others, (16) 
truthfulness, (17) honesty, (18) diligence, (19) 
ability to “size up” a given health condition, 
(20) alertness, (21) experience in various situa- 
tions, (22) habitually sanitary in life’s affairs, 
(23) cleanliness, (24) level headedness, (25) 
reasoning ability, (26) skill in the use of needed 
tools, (27) gentleness in the treatment of others, 
(28) good health habits, (29) good physical 
condition, (30) attractive appearance, (31) well- 
adjusted to life—home, health society, emotions, 
vocation, (32) cheerful disposition, (33) sympa- 
thetic attitude, (34) not overbearing, (35) 
stamina, (36) sincerity, (37) efficiency, (38) 
careful in meeting obligations, (39) friendliness, 
(40) dependability, (41) maturity, (42) excel- 
lent motivations, (43) a good judge of people, 
(44) above average intelligence, (45) without 
notable deficiencies, (46) ability to do the right 
thing at the right time, (47) an inquiring mind, 
(48) ability to keep up to date, (49) a good 
and avid reader, (50) wise judgment in social 
affairs. 


Hurp, ArcHer W. Costs and Other Problems 
in Schools of Nursing. Richmond, Virginia: 
Bureau of Educational Research and Service, 
Medical College of Virginia, 1951. 


This is a study on the cost of nurse education, 
one of the first of its kind, and without question, 
the most comprehensive and painstaking. The 
report is presented in a broad, factual way, 
utilizing many case studies from a great variety 


of sources. A major purpose of this study was 
to secure facts upon which to build further 
plans. 


More than one thousand schools were studied 
in one or more phases. The studies include: 
cash paid out by school and hospital for differ- 
ent purposes; cash paid out by students; duties 
of a service nature performed by students; staff 
versus student duties; time given to instruction 
as contrasted with practice; specific stipends 
paid to students in the form of cash or main- 
tenance; and some data relating to evaluating 
student ability, aptitude, and interest. 


Sympostum. Infant Care. Washington 25, 
D. C.: Government Printing Office, 1951. 
143 p. $.20. 


This completely rewritten version of Infant 
Care is an attempt to bring together increased 
knowledge about what is good for children from 
birth to their first birthday. It reflects sugges- 
tions from over 70 reviewers—pediatricians, 
general medical practitioners, nurses, social 
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workers, psychiatrists, nutritionists, and parent- 
educators. It takes into account what rural and 
urban mothers and fathers wanted the book to 
talk about. 


Infant Care has been published in suc- 
cessive editions since 1914. Over 28,000,000 
copies have been distributed. The new copy 


contains some changes in advice on the physical 
care of infants, due to new knowledge in this 
field. Great stress has been laid on the impor- 
tance of the child’s relation with his parents 
and others in the family. 


Conen, I. BERNARD AND Watson, FLetcHer G. 
General Education in Science. Cambridge, 
Massachusetts: Harvard University 


1952. 217 p. $4.00. 


Pre ss, 


This is a series of papers originally presented 
at the Workshop in Science in General Educa- 
tion held at the Harvard Summer School in 
July 1950. The workshop at which these papers 
were presented was attended by teachers of the 
sciences in colleges and secondary schools from 
all parts of the country. 

This book presents some General Education 
goals and teaching methods that are used in 
the scientific field today. A roster of distin- 
guished scientists discuss the place of science in 
the collegiate education of nonscientists, the lay- 
man’s difficulty in understanding science and the 
methods of scientists, and the emphasis and 
techniques employed in teaching of General 
Education courses in science both at Harvard 
and elsewhere. Altogether it is one of the 
finest and most stimulating books that has been 
published in the field of general education, science 
in general education, or both. 

Here are the papers and authors repre:ented: 
Science and the Layman by René J. Dubos; 
General Education and Special Education in 
the Sciences by Sidney J. French; The Assimi- 
lation of Science into General Education by 
Paul B. Sears; The Role of Philosophy in a 
General Education Course in Physical Science 
by Edwin C. Kemble; What Teachers of Gen- 
eral Education Courses in the Science Should 
Know About Philosophy by Philipp Frank; 
The History of Science and the Tea hing of 
Science by I. Bernard Cohen; The Use of His- 
torical Cases in Science Teaching by Leonard 
K. Nash; Acquiring a Knowledge of the History 
of Science by Frederick G. Kilgour; Applica- 
tions of Science and the Teaching of Science 
by Philippe Le Corbeiller; What the Layman 
Needs to Know About Science by S. A. Goudsmit ; 
Education for Citizenship in a Technical Civilisa- 
tion by Edward C. Fuller; An Approach to the 
Teaching of Biology to Nonscientists by Edward 
S. Castle; The General Education Course in 
Biology: Laboratory Work and General Objec- 
tives by George E. Erikson; Can General 
Education Courses in the Sciences Be Evaluated? 
by Henry S. Dyer; and What the Instructor 
Can Do About Evaluation: Techniques and 
Examples by Fletcher G. Watson. 
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Creucu, M. F. Psychology in the Service of 
the School. New York (15 East 40th Street) : 
Philosophical Library, 1951. 183 p. $3.75. 


Classroom teachers, guidance teachers, second- 
ary school deans, welfare workers, and parents 
will be helped by reading this book. It is based 
on the author’s many years of experience in 
teaching, lecturing and advising teachers in 
many different types of schools. The author 
is presently Senior Lecturer at the University 
of London Institute ot Education. 

An attempt is made to deal with the more 
ordinary difficulties of youth. Different types 
of difficulty are discussed in detail and their 
causes examined. Technical language is avoided 
and warning is given of current fallacies 
and misconceptions of psychology. American 
teachers will enjoy (and may profit from!) 
this different English treatise on many of the 
ordinary difficulties of boys and girls. 


Core, Luetra. Psychology of Adolescence. 
New York: Rinehart and Company, Inc., 
1949. 650 p. $4.50. 


This is the third edition of probably the most 
popular textbooks ever published in the field 
of psychology, of adolescence. It is sound psycho- 
logically, readily comprehensible and _ practical 
in suggestions. Secondary teachers would profit 
greatly from reading it. Undoubtedly it would 
make them better, more understanding teachers 
of boys and girls. Teachers of common learn- 
ings courses would especially find it useful. 

The first seventeen chapters consider the fol- 
lowing aspects of development in youth: (1) 
physical, (2) emotional, (3) social, (4) moral, 
and (5) intellectual. 


Symposium. Charting the Course for American 
Higher Education in a Pertod of Partial 
Mobilization. Washington, D. C.: Depart- 
ment of Higher Education, National Educa- 
tion Association of the United States, 1951. 
79 p. $1.00. 


These are the reports of the 37 Study Groups 
in the Sixth Annual National Conference on 
Higher Education held at Chicago on April 2, 
3, 4, 1951. Many aspects of higher education are 
discussed. 


Buros, Oscar Krisen. Statistical Methodology 
Reviews, 1941-1950. New York: John Wiley 
and Sons, Inc., 1951. 457 p. $7.00. 


This is a guide to the best, most significant 
books on statistical methodology published dur- 
ing the last ten years. It contains critical 
excerpts from the reviews of statistical method- 
ology books. It is a successor to The Second 
Yearbook of Research and Statistical Method- 
ology published in 1941. Statistical methods 
and concepts changed very rapidly during the 
decade 1941-1950. 


Mr. Buros was review editor of the Journal 
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of the American-Statistical Association from 
1945 through 1949. He is well known for his 
important contributions in mental measurements. 
He has taught at Rutgers since 1932. In 1946 
he was appointed Director of the Institute of 
Mental Measurements at Rutgers University. 


Report of The First Commission on Life 
Adjustment Education for Youth: Vitalizing 
Secondary Education. Washington, D. C.: 
Superintendent of Documents, 1951. 106 p. 
$0.30. 


This report was prepared in accordance with 
the recommendations of the 1947 National Con- 
ference in Chicago. It is a summary of some 
of the Commission’s activities in democratizing 
American secondary education through efforts 
designed to retain in school all youth of high 
school age and to provide appropriate educational 
programs for them. 

Chapter headings are: Linking Life Adjust- 
ment Education with Developments and Prob- 
lems of Secondary Education, 1890-1945; Activi- 
ties of the National Commission on Life 
Adjustment Education for Youth; State Pro- 
grams of Life Adjustment Education; Some 
Highlights in Local School Programs; and 
The Challege in the Look Ahead. 

Altogether this seems to be an unusually fine 
report and will be discussed and referred to 
in future years as have such previous publica- 
tions as ‘Education for All American Youth, 
Learning the Ways of Democracy, The Impera- 
tive Needs of Youth, and so on. 


McNerny, Cuester T. Educational Supervision. 
New York: McGraw-Hill Book Company, 
1951. 341 p. $4.00. 


The three major themes of Educational Super- 
vision are: (1) to present a modern theory of 
supervision, (2) the use of many examples to 
help administrators, supervisiors, and teachers 
to put their theory into practice, and (3) to 
increase the effectiveness of the educational proc- 
ess as it is applied to all youth. Emphasis is 
laid both on the advantages of the group process 
and to handling of individual teacher problems. 

All classroom teachers would profit by reading 
this book. The chapters on The Nature of 
Teacher-Superivisor Planning, The Nature of 
Evaluating the Results of Teaching, Improving 
Curriculum Practices; Studying the Community, 
and The In-Service Training Program are chap- 
ters that will prove especially stimulating to 
classroom teachers. 


De Younc, Curis A. Introduction to American 
Public Education. New York: McGraw-Hill 
Book Company, 1950. 676 p. 


This book is designed as a text for the intro- 
ductory education course in teachers’ colleges 
and schools of education. It presents an over- 
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view of all education in which the American 
public invests its time or money, or both. There 
are five main headings (divided into sixteen 
chapters). Organization and Administration of 
Public Education; Areas of Public Education; 
Personrel in Public Education; Provisions for 
Educational Materials and Evironment; and In- 
terpretation of Education. At the end of each 
chapter there are many suggested activities, 
lists of audio-visual aids, current pertinent 
periodicals and publications, and a descriptive 
bibliography. 

Altogether the book is quite comprehensive, 
well illustrated, and should be quite challenging 
and stimulating to a!l those students who are 
using it and are considering seriously going 
into the teaching profession. 


Graves, ALBERT D. American Secondary Educa- 
tion. Boston: D. C. Heath and Company, 
1951. 407 p. $4.00. 


This is an unusually fine book on American 
secondary education. It gives an excellent over- 
all picture of the history, growth, present status, 
and probable future of American high schools. 
Both pros and cons of controversial issues are 
stated. The material is practical, specific 
not unduly theoretical and it does avoid vague- 
ness. It is well-written, well-documented. Al- 
together it is one of the best books on secondary 
education the reviewer has chanced across. There 
is only one criticism the reviewer has to offer 
and that does not relate to content, literary 
style, or points of emphasis. It seems to the 
reviewer that the covering, the type-appearance, 
and quality of paper leave much to be desired. 
They mar greatly what is otherwise a 
outstanding book. 


very 


Faunce, Rotanp C. anp Bosstnc, 
Developing the Core Curriculum. 
Prentice-Hall, Inc., 


NEtson L. 
New York: 
1951. . 311 p. 


In recent years we have been hearing much 
about the core curriculum in secondary schools. 
It is an attempt to develop a curriculum in 
harmony with modern conceptions of experience 
learning and seems to be equally consistent 
with the kind of behavior competencies needed 


in our democratic society. The idea and the 
practice is very old—only the name is new. 
Elementary schools have been using the core 
curriculum for a long time. Only recently some 


secondary teachers conceived it would be a good 
idea for secondary schools. The core curriculum 
has been put into operation either partially or 
completely in many Out of these 
extensive experiences are now. emerging prac- 
tical suggestions for the initiation, organization 


schools. 


and conduct of the core curriculum within the 
school. 
This book discusses the history, psychology, 


and philosophy underlying the core curriculum. 
It examines the role of the teacher, the use of 
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resources, the role of the administrator, the 
role of the community, the kind of needed teacher 
preparation, the initiation of the in-service 
teacher into core curriculum, and the techniques 
of evaluating outcomes. Altogether this is 
probably the best book on core curriculum that 
has yet been published. 


Wuutnc, M. H., Fow.ikes, Joun Guy, Kruse, 


Epwarp A., Grecc, Russet T. anp LIppLe, 
Currrorp §S. Schools and Our Democratic 
Society. New York: Harper & Brothers, 
1952. 430 p. $3.50. 

Schools and Our Democratic Society has 


grown out of the University of Wisconsin’s 
“School and Society” course, part of their 
widely known core educational program. This 
core program of general professional courses has 
been in operation for twelve years and is taken 
by all candidates for the University Teachers 
Certificates. All of the above authors participate 
in teaching the “School and Society” 
The book is not the course but is 
a resource, a _ reference, and at 
stimulus. 

The social role of the school is emphasized, 
describing what society has a right to expect 
from teachers, and helping teachers to acquire 
the understandings and skills to fulfill these 
expectations. It discusses the principal facts of 
official and unofficial controls exercised by the 
public over its schools and teachers; the major 
tenets of democracy; certain great 
health, family, economic, and civic 
and the implications of all these for teachers as 
curriculum planners, participators in school 
administration and public relations, and workers 
for the improvement and advancement of the pro- 
fession itself. Altogether this seems to be an 
unusually fine book with a nice balance between 
theory, idealism, and practicality. 


course. 
intended as 
points a 
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CAMPBELL, CLYDE M. 
Applications of 
New York: 
p. $3.00, 


(Editor). 
Democrat 
Harper & 


Practical 
Administration. 
Brothers, 


1952. 325 


Practical Applications of Democratic Admin- 
istration is a symposium by leading administra- 


tors. These writers examine and _ critically 
appraise some basic theories in democratic edu- 


cation and describe a number of examples of 
how democratic administration .can be made to 
operate successfully in a school system. 

Some chapter headings are: The Need for 


Dynamic Leadership in a Free Society; School 
and Community Development; Using the Demo- 
cratic Approach in a New 
tion; Operation of 
Situation; School and Community 
Through a Visiting Teacher Service; 
Home and School Cooperate in Family 
tion; Evaluation as a Technique of Democratic 
Administration; A Preparatory for Educational 
Leadership; and A Realistic Vision of the Future. 


Administrative Posi- 


Groups in the Community 
Cor yperatic mn 
The 
Educa- 
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BirKMAIER, EMMA Marie (Editor). Jllustra- 
tive Learning Experiences. Minneapolis, Min- 
nesota: University of Minnesota Press, 1952. 
108 p. 


This is Number Two of The Modern School 
Practices Series of the College of Education 
of the University of Minnesota. The earlier 
Number One publication was called Guidance 
Procedures in High School. Units are as fol- 
lows: The Students by William D. Carlson; 
What's Happening? A Curriculum Bulletin 
Board Answers by Emma Marie Birkmaier; 
The Nature and Purpose of the Units by the 
Curriculum Committee; How Is the War Experi- 
ence Presented in World Literature? by Dwight 
Burton; Politics in Action by Dorothy McClure 
Fraser and Edith West; The Water Supply in 
Our Community by Clarence H. Boeck; Buying 
Insurance by Raymond P. Heimerl; Our Number 
System by Donovan Johnson ; Mapping Is Applied 
Geometry by Theodore Kellogg; Cado Uno Un 
Mexicano by Dorothy Frandeff Michalson; We 
Learn to Pull Together by Florence Dunning, 
Beatrice Heimerl and Marion Kirkpatrick; 
We’re in the News by Marion Kirkpatrick; and 
Let’s Go to Press by W. Carlisle Anderson. 

Science teachers will be especially interested 
in the carefully planned Chemistry unit developed 
by Dr. Clarence H. Boeck, a well known mem- 
ber of N.A.R.S.T. and in the units dealing with 
the philosophy of education and teaching pro- 
claimed by members of the University High 
School Teaching staff. 


LivincsToNE, Sir RicHArp. Education and the 
Spirit of the Age. New York: Oxford Uni- 
versity Press, 1952. 114 p. $2.00. 


This book consists of lectures given at Queen’s 
University, Kingston, Canada under the Chancel- 
lor Dunning Trust and at Princeton University 
on the Vanuxem Foundation. 

Challenging questions are raised by a group 
of distinguished men and each in his special 
field, gives his considered judgment. Science 
is especially emphasized with additional chapters 
on Liberty and Reason, Philosophy, and Aristotle’s 
‘Ethics. 


Spivack, Morris J. Associative Evolution. 
Ellenville, New York: Morris J. Spivack, 
1951. 36 p. 


Associative Evolution describes the author’s 
theory that natural selection is associative, not 
individualistic. This theory, “based on scientific 
data” was first advanced by the author several 
years ago (1942). The present treatise is a 
dramatic sketch based on the prophecy of Isaiah. 
The author maintains cooperation is the design 
in nature, not individualism—‘“Struggle or com- 
petition is not the ultimate law of nature.” 

The writer is author of a number of publica- 
tions in science, a number of which have to do 
with the formulation of the Associative theory 
and the relation of science to human rights and 
the advance of the human race. 
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Me vin, A. Gorvon. General Methods of Teach- 
ing. New York: McGraw-Hill Book Com- 
pany, 1952. 251 p. $3.75. 


This book is unique in regarding teaching 
from the point of view of the teacher at work. 
lt deals with those “universals” so essential to 
all teaching—the learner, what he is to learn, 
what he does learn, how progress can be assured 
and recognized. The text departs from the 
usual topical presentation and follows the actual 
order in which teachers encounter the problems 
of teaching: the job itself, the curriculum, the 
pupils, and their progress. 

The book is writiten in a literary style not 
usually characteristic of textbooks in education. 
The style is not formal, “text-booky” but has 
a freshness about it that is reminiscent of many 
of the articles found in the magazine Clearing 
House. This alone makes it unusual. The 
philosophy and suggestions seem to be quite 
sound and practical. Teachers who are some- 
what bored by the older topical, analytical, didac- 
tic approach in textbook writing will especially 
appreciate this book. In-service teachers will 
enjoy reading this book “on their own” and 
prospective or beginning teachers may be inspired 
by this newer style and approach. 


ConaNT, JAMES Bryant (Editor). Pasteur’s 
Study of Fermentation. Cambridge, Massachu- 
setts: Harvard University Press, 1952. 57 p. 
$1.00. 


This is number six of the Harvard case his- 
tories in experimental science—the basis of 
Harvard University’s course in science for gen- 
eral education, designed primarily for students 
majoring in the humanities or social studies. 
There is an excellent foreword by the general 
editor of the series, Dr. Conant. In this fore- 
word is described the philosophy and the values 
sought through such a _ course—a_historical 
approach through case studies of the research 
philosophy, approach and techniques used by 
scientists as they made important discoveries— 
in this case Pasteur’s study of the process of 
fermentation. 

Dr. Conant discusses the importance of under- 
standing the methods of experimental science 
through the use of case histories. He describes 
at some length the methods of science: concepts 
and conceptual schemes, speculative ideas and 
broad working hypotheses, the testing of deduc- 
tions from conceptual schemes, and experimenta- 
tion; the advance of science and progress in the 
practical arts; and pure and applied science. 


There are fourteen pages of descriptive material 
about the work of Pasteur, followed by the 
translation of an original paper by Pasteur 
describing his research in fermentation, descrip- 
tion of theories of fermentation from Liebig 
to the present, and a lecture on fermentation 
by John Tyndall on October 19, 1876. 
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The Merck Index of Chemicals and Drugs. 
Rahway, New Jersey: Merck and Company, 
Inc., 1952. 1167 p. 

This is the sixth edition of an 

published in 1889. 


index first 
It is an encyclopedia for 
the chemist, pharmacist, physician, and allied 
professions. More than 8,000 descriptions of 
individual substances are listed under Chemicals 
and Drugs. There are more than 2,000 struc- 
tural formulas, 2,900 new monographs, and nu- 
merous other content and data. Merck’s Index is 
a sort of practical bible to the chemist, industrial 
and theoretical. 


Binrorp, JAMES R. The Theory of the Micro- 
scope. Rochester, New York: Bausch and 
Lomb Optical Company, 1951. 21 p. Free. 


The aim of this booklet is to provide the 
microscopist a basic explanation of the theory 
of microscope sufficient to enable him to under- 
stand the reasons behind accepted microscope 
techniques. Twenty illustrations add much to 
an understanding of the descriptive material. 
This is an excellent’ pamphlet for science 
teachers, especially biology teachers. 


Gray, Perer. Handbook of Basic Microtech- 


nique. Philadelphia: The Blakiston Company, 
1952. 141 p. $3.00. 
This is a well-written, concise presentation 


of the methods commonly used in the preparation 
of microscopic slides. It is written for both 
student and technician. It gives the why and 
how of preparing simple wholemounts, smears, 
and sections. 


Imms, A. D. Insect Natural History. Phila- 
delphia: The Blakiston Company, 1951. 
317 p. $5.00. 


Insect Natural History is a study of insects 
of the British Isles. There are over 20,000 
known British species of insects—far too many 
to treat in a single book of this character. Con- 
sequently they are treated as a whole, their 
place in nature, and the principles which govern 
their lives. There are 32 illustrations, 40 color 
plates, and 40 figures. 

The insects described are found almost every- 
where in the world. It is not primarily a 
textbook but for layman nature lovers. 


Waryte, Lancetor Law. Aspects of Form. 
New York (41 East 50th St.): Pellegrini and 
Cudahy, 1951. 249 p. $6.00. 


This is said to be the first general survey of 
visual form, from physics through biology and 
psychology to art. A major thesis is that art 
form plays a decisive role in man’s relation to 
his environment, and therefore holds a key 
position in man’s understanding of nature and 
himself. 

Contents include: Physical Principles Underly- 
ing Inorganic Form by S. P. F. Humphreys- 
Owen; Shape and Distance Considered by an 
Astronomer by C. C. L. Gregory; Form in Plants 
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by F. G. Gregory; Form and Modern Biology 
by Albert M. Dalcq; Animal Form in- Relation 
to Appearance by Hugh B. Cott; and Activity 
Patterns in the Human. Brain by W. Grey 
Walter. 


LeRoy, Royce H. Problem Book for General 
Chemistry. New York: McGraw-Hill Book 
Company, 1951. 170 p. $1.90. 


This is a book presenting 
problems in first year chemistry for college 
students. Each chapter introduces only one 
type of calculation. First year college chemistry 
students and teachers should find the book quite 
practical. 


supplementary 


Garrett, ALFRED B., HAskKINs, JosEepH F. 
Rusin, Toor, R. AND VERHOEK, FRANK H. 
Chemistry for the Laboratory. Boston: Ginn 
and Company, 1951. 356 p. $3.00. 


This is a laboratory manual 
accompany Textbook of Chemistry by Mack, 
Garrett, Haskins, and Verhoek. It may be 
used also with any standard text for first year 
college chemistry. There are 78 exercises. 


designed to 


LAWRENCE, GeorceE H. M. Taxonomy of Vascu- 
lar Plants. New York: The Macmillan 
Company, 1951. 823 p. $7.95. 


This is a comprehensive, complete textbook 
in taxonomic botany that deals with the identifi- 
cation and naming of plants and also their 
classification, 


LATIMER, WENDELL M. AND HILpEBRAND, JOEL 
H. Reference Book of Inorganic Chemistry. 
New York: The Macmillan Company, 1951. 
625 p. $5.00. 

This is the third edition of a book first pub- 
lished in 1929. It is a reference book rather 
than a textbook for first year college chemistry. 


Material has been brought completely up to 
date and newer investigations such as _ those 
involving nucleonic reactions, nuclear fission, 


actinium and the heavier elements are discussed. 


HaGAN, Harotp R. Embryology of the Vivipa- 
rous Insects. New York: The Ronald Press, 
1951. 472 p. $6.50. 

Embryology of the Viviparous Insects is 
designed to serve three functions: (1) source 
beok for the professional entomologist or gen- 
eral zoologist, (2) text for the student of 
entomology, and (3) reference tool for public 
health and applied research workers. 


Pyenson, Louis L. Elements of Plant Protec- 
tion. New York: John Wiley and Sons, Inc., 
1951. 538 p. $4.96. 

Plant protection is a most vital conservation 
problem. Insects are the most numerous species 
of organisms in the animal kingdom averaging 
about 40,000 individuals to the acre. Approxi- 
mately 80,000 species have been identified so 
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far in North America. It is estimated that 
2,000,000,000 species exist on earth. Some 
10,000 of the 80,000 known species are harmful 
to agriculture, the 60 most important ones 
alone costing agriculture $1,600,000,000 a year. 
To these may be added some 10,000 infectious 
plant diseases, 500 of which cost agriculture 
2,000,000,000 a year. American plant growers 
use more than $100,000,000 worth of sprays and 
dusts annually, but even then controls are not 
adequate. Add to these losses weeds, rodents, 
and birds and the total becomes much larger. 
However bird losses are more than compen- 
sated by their benefits. Many aspects of plant 
protection are described by the author. An 
excellent textbook for college students, it will 
also serve as an excellent reference for biology, 
general science, and elementary science teachers. 


Kesey, Erwin B. Anp Dtetricu, HArRovp. 
G. Fundamentals of Semimicro Qualitative 
Analysis. New York: The Macmillan Com- 
pany, 1951. 328 p. $4.00. 

This is a revised edition of a book first 
published in 1940.. The revision represents the 
complete rewriting of the original text. 


BARKER, JOHN W. ANp GLAsor, PAut K. First 
Year College Chemistry. New York: McGraw- 
Hill Book Company, 1951. 501 p. $5.00. 


This text is an attempt by authors to avoid 
the voluminous first year college. chemistry 
textbooks so prevalent today. The authors 
attempt to give a desirable minimum of descrip- 
tive material with a desirable emphasis upon 
principles. In general the approach is inductive. 
Dr. Barker is Professor of Chemistry at Wit- 
tenberg College and Dr. Glasoe is Professor 
of Chemistry at Carthage College. 


Morton, DupLtey J. AND Futter, DupLey DEAN. 
Human Locomotion and Body Form. Balti- 
more, Maryland: The Williams and Wilkins 
Company, 1952. 285 p. $5.00. 


Three facts are emphasized in this book: (1) 
the direct relation of physical movement to the 
laws o echanics, (2) the primary purpose of the 
machine is identified as its major phase of func- 
tion, while the contributing functions (the various 
systems of the engine) are included as essential 
but subordinate phases, and (3) the major phase 
of function determines the over-all design and 
substance of the machine. Intended primarily 
as a book for the anatomy phase of courses in 
physical education, it is unique in the emphasis 
placed upon two phases of physics: the laws of 
machines and gravity. The first half of the 
book is devoted to underlying principles of adap- 
tation while the second part deals with an 
analysis of the walking stride 


Symposium. Publications on Health New 
York: Metropolitan Life Insurance Company. 
Free. 


The Metropolitan Life Insurance Company has 
numerous publications relating to health which 
are free for the asking. Elementary science, 
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general science, and biology teachers will find 
these publications especially worthwhile. Below 
are listed the titles of some of the publications: 

Your Child; First Aid (What to Do While 
Waiting for the Doctor); About Us and Our 
Friends; What Teachers. See; The School Ad- 
ministrator, Physician, and Nurse in the School 
Health Program; For Good Teeth; Heip Your 
Child to Safety; Three Meals a Day; Health 
Through the Ages; Years to Come; Respiratory 
Diseases; How’s Your Driving?; Arthritis; 
Appendicitis; Allergic to What?; Smallpox Is 
Still Here; There Is Something You Can Do 
About Cancer; Be on the Safe Side of Diph- 
theria; Heart Disease at All Ages; Diabetes; In- 
fantile Paralysis ; Scarlet Fever ; Measles ; Rabies ; 
Mumps; Your Heart; Malaria; Overweight and 
Underweight; Absent from School; Catalog of 
Films on Health and Safety (many films availa- 
ble to teachers); Feeling Tiptop; Tuberculosis ; 
Whooping Cough; Chickenpox; Typhoid Fever; 
Keep Accidents Out of Your Home; Play It 
Safe; What Foods Do You Choose?; Rheumatic 
Fever; To Parents About Immunization; How 
Old Are You?; Pounds and Inches; Health 
3ulletin for Teacher (now more than twenty 
volumes) ; First Steps in Health Education (A 
guide) ; Health Heroes Series (Edward Living- 
ston Trudeau, Walter Reed, Robert Koch, Marie 
Curie, Edward Jenner, Louis Pasteur, Florence 
Nightingale ). 


HacMAN, E. Parricta, (Editor). Good Health 
for You and Your Family. New York: A. 
S. Barnes and Company, 1951. 305 p. $3.75. 


This book has been prepared from publications 
of the Health and Welfare Division of the 
Metropolitan Life Insurance Company. It is 
designed to safeguard the health of young and 
old. It is not a doctor book but one that will 
help you avoid illness and household hazards. 
The book deals with all of the problems of 
physical well-being: how to keep well, how to 
feel well, and how to look well. The material 
is comprehensive, scientifically correct, clearly 
and understandably written. 

Partial contents include: (1) Hints for Good 
Health: Health, Happiness and a Long Life; 
Overweight and Underweight; Good Grooming ; 
Sleep; (2) Common Diseases and Disorders: 
Allergies; Arthritis; Athlete’s Foot; Cancer; 
Heart Disease; Infantile Paralysis; Lockjaw; 
Measles; Smallpox; Tuberculosis; Tynhoid 
Fever; Whooping Cough; (3) Child Care: 
Your Child; Children’s Behavior Problems; 
Common Childhood Diseases, School Absences ; 
and (4) Safety and First Aid: Keeping Acci- 
dents Out of Your Home; How’s Your Driving? ; 
Are You a Safe Pedestrian?; Safe Swimming; 
and First Aid. 

This is an excellent book for every individual 
on a personal basis, for all biology and health 
teachers, and would be an excellent addition to 
the library science shelf. Both the Metropolitan 
Life Insurance Company and the author are 
to be highly commended such an outstanding 
and practical health book has been made availa- 
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ble to adults and youth alike. The author is 
Associate Professor of Health and Physi- 
cal Education, Teachers College, Columbia 
University. 


Fenr, Howarp W._ Secondary 
Boston: D. C. Heath and Company, 


431 p. $4.25. 


Mathematics. 
1951. 


This book has been written for teachers and 
prospective teachers of secondary school mathe- 
matics in order to present in convenient form 
certain professionalized subject matter that is 
intended to broaden and deepen the teachers 
knowledge of the mathematics that he teaches. 
A functional approach is used. 

The author is Head of the Department of 
Teaching of Mathematics, Teachers College, 
Columbia University. 


Ed- 
Book 


Wetis, Harrincton. Secondary Science 
ucation. New York: McGraw-Hill 
Company, 1952. 367 p. $4.50. 


Secondary Science Education is a methods 
book on teaching secondary school science, de- 
signed to complement the author’s ‘earlier 
Elementary Science Education. The historical 
developmental approach is used with particular 
emphasis upon the intercorrelation between the 
science fields. Philosophy of approach, methods 
of procedure, suggested subject content, and 
sources of teaching aids comprise the content. 
Three themes are emphasized: (1) the concept 
of science—social science interdependence, (2) 
an advocacy of physical science—life science 
coordination, and (3) a sponsorship of functional 
community—industry correlation with the teach- 
ing of science in the secondary school. Part I 
deals with theory and practice and Part II with 
resource aids. 

The resource aids includes listing of sources 
of color slides ; filmstrips ; lantern slides ; models ; 
motion pictures ; textfilms ; commercial sources of 
equipment and supplies; magazines useful in 
secondary science education; pamphlets, pictures 
and posters: and annotations; profes- 
sional methods bibliography; and subject content 
bibliography. 

Course outlines presented for general 
science, systematic biology, functional biology, 
combination method biology, mild winter climate 
botany, zoology, chemistry, and physics. Most 
chapters end with a list of problems for group 
discussion and review. One chapter is devoted 
to evaluation and diagnosis with a listing of 
standardized tests in the various teaching fields. 

Interspersed throughout the textual material 
are references to numerous articles in*a wide 
list of publications. Slightly less than a hundred 
references are made to thirty-five or so publica- 
tions. Somewhat than fourth of the 
references have a source in the professional 
magazines intended primarily for science teachers. 


sources 


are 


less one 


More references are made to articles in maga- 
zines of a genera! education nature (in so far 
as the science teachers are concerned). More 


references are made to articles in science maga- 
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zines than to any other category of magazines. 
This seems to be a trend in the more recently 


published methods books in science. Many 
people interested in science teaching will un- 
doubtedly approve this trend, especially the 


subject-matter or pure science specialists. 

The author is a professor of science educa- 
tion in the Santa Barbara College of the Uni- 
versity of California. 


Stutt, De Forest Ann Hatcu, Roy. 
Through the Americas. Boston: 
Bacon, 1951. 406 p. 


Journeys Through the Americas is a new 
edition in the Allyn-Bacon series of Air Age 
geographies. This is the second volume of the 
series. The Stull-Hatch series has been for 
many years the best of all elementary geography 
series. So any new revision bringing this popu- 
lar series up to date will be welcomed by the 
many users of the series. Such popular acclaim 
is well deserved. Properly taught, with an 
enthusiastic, well-trained teacher, geography can 
be about the most interesting subject taught 
in the elementary grades. 

The chief objective of the text is to enlarge 
the pupil’s geographical experience; enable him 
to interpret maps, pictures, and written materials; 
to teach him the ways of living in the Americas. 
Pictures and maps are unusually good and the 


Journeys 
Allyn and 


written content is both well selected and inter- 
estingly written. 
ADELL, JAMES C. AND Wetton, Lovis E. A 


Laboratory Course in Biology. Boston: Ginn 


and Company, 1951. 282 p. 


A Laboratory Course in Biology is designed 
to be used with any high textbook in 
biology. Learning by doing is emphasized as 
a method of learning. The authors that 
learning science is essentially learning by doing. 
It involves l 


school 
believe 


visual, auditory, and _ kinesthetx 


learning. Learning by experiment, observation, 


and critical discussion gives pupils experience in 


seeking out and recognizing cause-and-effect 


relationships and in drawing conclusions scten- 
tifically. Demonstrations, field trips, and indi- 
vidual experiments often open up ideas and 
understandings that were completely outside 
any previous experience of the student. Students 
with reading handicaps are able to learn more 
readily by the method of experiment, observa- 
tion, and critical discussion 

The authors further state that 4 Laboratory 


Biolog, 
that cause boys and girls (1) to 
intelligently, i.e., to 
to think critically, and to reach decisions scien- 
tifically; (2) to want to socially 

ways; (3) to want to contribute what 
they can to better conditions in local, national, 
(4) to want to 
the privileges and to assume the re- 


Course in provides learning experiences 
want to behave 
solve problems objectively, 
behave in 
desirable 
- : ; . | 

and world communities; and 
undertake 
sponsibilities of 


citizenship in our democracy. 


To accomplish these learning experiences the 
authors have tried to include only subject 
matter which enters into everyday living 





314 


There are 14 units, each subdivided into a 
series of experiments with numerous suggested 
projects, pupil tests, a summary of big ideas 
learned in the unit, a series of questions for 
study and a list of words to be used and spelled. 
Each unit has a list of cross-references with 
indicated pages to a number of the better known 
textbooks in high school biology. At the end 
of the book is a glossary (with page reference) 
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may do so, at the same time giving him some 
understanding of our country’s food and nutri- 
tion problems. There are 125 illustrations and 
charts to make the material understandable and 
interesting. Exercises and problems at the end 
of chapters correlate the factual materials in 
the chapters with the personal food habits and 
needs of the student and his family. 

There are three ways by which nutrition can 


defining scientific terms used. An index con- 
cludes the textual material. 

Altogether A Laboratory Course in Biology 
is a most significant work and offers much 
practical classroom help to high school biology 
teachers. Surely many teachers of biology will 
want a personal copy and many more will 
want to use the manual as a basis of the labora- 
tory phase of their teaching. It is one of the 
best teaching aids if not the best, that has 
been published in this area. Dr. Adell is the 
chief of the Bureau of Educational Research 
for the Cleveland, Ohio, Public Schools. He 
had many years of practical experience in teach- 
ing high school biology. Mr. Welton is Assist- 
ant Principal of the John Hay High School in 
Cleveland and was formerly head of the science 
department in the same _ school. 


be improved: (1) by making nutritious foods 
easily available and less desirable foods more 
difficult to obtain, (2) by improving the buying 
power of people so that those foods which are 
most essential can be within everyone’s financial 
means, and (3) by helping people to become 
better informed about foods and nutrition. The 
first two ways could produce quick results in 
improved nutrition if they could be applied 
broadly. However, education offers the more 
promising results in the long run. 

Biology and health teachers will find this an 
excellent reference and source of suggested pro- 
cedures for teaching those aspects of health 
relating to nutrition. 

Dr. Kilander is Specialist for Health Educa- 
tioa in the United States Office of Education. 
He formerly was an Associate in Health Educa- 
tion for the National Tuberculosis Association 
and the Regional Chief of the Industrial Nutri- 
tion Programs Division for the War Food 
Administration. 


KiLaAnperR, H. F. Nutrition for Health. 
York: McGraw-Hill Book Company, 
415 p. $3.00. 

Nutrition for Health tells the students why 
he should improve his own diet and how he 


New 
1951. 





Schuman’s MAN AND HIS WORLD Series 


For Junior and High School Grades 
Each, $2.50—lIllustrated 


A new series which makes science reading meaningful and exciting. Expertly planned, pro- 
fusely illustrated, these books relate science to living, emphasizing broad, basic concepts. 


WATER FOR PEOPLE by Sarah R. Riedman 
“A comprehensive account of the importance of water to life and man’s methods of 
procuring it.”—Library Journal 

PLANET EARTH by Rose Wyler 
“A good introduction to astronomy and the place of our planet in relation to others.”— 
Bookmark, New York State Library 

THE CITY by Rod and Lisa Peattie 
“An interesting and unusual approach to the development of cities from ancient to modern 
times.”—Bulletin, Children’s Book Center, University of Chicago. Reader's Choice of Best 
Books, June 1952, Wilson Library Bulletin. 

THE LAW—What It Does and How It Works by Rod and Lisa Peattie 
How our system of law works, what law really is, what our system of law can do for us 
and what it can’t do. A comparison of our methods and those of other groups who manage 
without a formal system of law. 

YOUR BLOOD AND YOU by Sarah R. Riedman 
Blood is the central subject around which is built the story of the workings of the body. 
What makes blood clot, what gives it color, what chemicals it contains, what makes it 
move—these and many more questions are answered. 

ROUND THE YEAR WITH THE WORLD’S RELIGIONS by Royston Pike 
Fascinating stories about holidays and Holy days and how they are celebrated in different 
countries and the ancient legends surrounding them. 


HENRY SCHUMAN, INC. 20 E. 70th Street New York 21 
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